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SURVEYS 
UDC: 616.262. 3-008. 1-02:612.014.477-264 


CURRENT CONCEPTIONS ON THE GENESIS OF VESTIBULOVEGETATIVE DISORDERS IN 
WEIGHTLESSNESS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 5, 
1979 pp 3-10 


[Article by B. I. Polyakov, submitted 11 Jan 78] 


[English abstract from source] 


[Text] Experience has shown that approximately every third cosmonaut ex- 
perie.ced varying degrees of motion sickness during flights, ranging from 
unpleasant sensations of heaviness in the abdomen to nausea and vomiting. 
They appeared at different times (from the first minutes to the 7th day) 
and lasted for different times (from 3 h to several days). In all cases, 
development of these symptoms was related to abrupt movements of the head, 
particularly on the tirst day of the flight. 


ihe pharmacological agents against motion sickness tested under ground-based 
nditions did not always elicit a preventive and therapeutic response in 
weightlessness. it was also not always possible to predict endurance of 
space flight nditions on the basis of the results of preflight vestibulo 
metric tests. 
; this is indicative if the urgency of the motion sickness problem in space 
medicine ind ft a2 need ¢t ntinue investigation thereo!. 
spite i periodi iscussion and some ettorts to generalize the accumulated 
j i » the prt ,em tf tj | Sickness 18 haracterized by ; disproportion 
etwe rn the number of tacts obtained and theoretical substantiation thereof, 


tne Kistence } ontradictor ivpothneses and interpretative systems in 








gaining understanding of the nature of this state, and this retards conti- 
nued development of the problem, making it difficult to resolve the corres- 
ponding practical problems. 


The research of I. I. Bryanov et al. [1] was among the studies dealing with 
analysis of the mechanisms cf origin of vestibulovegetative disorders in 
cosmonauts in weightlessness. These authors expound the thesis that impaired 
hemodynamics, with certain microcircuiatory disorders on the tissular and 
intercellular levels, hypertensive direction of changes, ieapairment of fluid- 
electrolyte metabolism with tissular imbalance of potassium and calcium ions 
created the most beneficial background for development of vestibulovegetative 
disorders in weightlessness. They believe that, against this background, 
there can be development of marked reactions, even tv threshold and sublisinai 
vestibular stimeli induced by movement of the head and trunk during space 
flights. 


Hence, the authors still believe that vestibular stimulation is the igmediate 
cause of disorders, and they relegate the role of predisposing factor to the 
hemodynamic changes. 


The authors do not refute other conceptions of the genesis of vestibulo- 
vegetative disorders ir weightlessness, and merely try to enlarge then. 


Some examples from clinical practice, the results of special research and 
reports of cosmonauts served as the basis for the hypothesis of I. I. 
Bryanov et al. Let us consider the argumentation of these authors, which 
is based on the following facts. 


We know from the literature that there is a link between the state of hemo- 
dynamics and state of the vestibular system. We also know of vestibular 
disturbances in the presence of the hypertensive syndrome and static pheno- 
mena, with plethora of cerebral vessels. To this we can add that vestibular 
nuclei have the most profuse vascularization per cubic millimeter, and they 
are very sensitive to decreased circulation. 


[llusory sensations of upturned body, vertigo and even slight nausea upon 
moving the head and eyes to extreme positions abruptly have been observed 

in ground-based studies, on the first few days of clinostatic and anti- 
orthostatic [head down] hypokinesia. There was intensive manifestation of 
vestibulovegetative reactions to rather moderate caloric stimulation, which 
the authors attribute to typical hemodynamic changes indicative of elevation 
of intracranial pressure and labored venous efflux. 


It must be noted, however, that the conditions of afferentation from the 
otolith system are different in antiorthostatic position than with the head 
in the usual position, and this factor in itself could change the nature 

of the reaction referable to the ampullar systen. 


The periods of maximum severity of vestibulovegetative disorders and symptoms 
due to redistribution of blood into the upper half of the body (sensation of 
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development of vestibulovegetative disorders in weightlessness is not un- 
toundec, and it enlarges upon exisiing conceptions. Moreover, this hypothesis 
also merits approval because it gives an impetus for broad discussion uf 

such &@ pressing and vague issue as the pathogenesis of vestibulovegetative 
disorders in weightlessness, as well as new research, and it ultimately 
Stimulates development of this branch of knowledge. 


The viewsof M. B. Zabutyy [6], based on data in the literature, are in 
contradiction with the above conceptions. M. B. Zabut-y writes: "... The 
set of symptoms of motion sickness, which appears in weightlessness, as 

in other forms of motion sickness, is based on functional disturbances of 
the vestibular analyzer, namely: 1) attenuation of inhibitory influence of 
otoliths on the function of receptors of semicircular canals--enhancement 

ot function of the latter; 2) enhancement of function of the vestibular sys- 
tem as a whole under the influence of possible Coriolis accelerations; 3) un- 
usual contradictory information from the right and left labyrinths, which 
induces in the cerebral cortex and subcortical elements a “collision” 
{conflict?] between conceptions of spatial body position and corresponding 
sensory and vegetative reactions, including certain hemodynam‘c changes; 

4) disturbances, which intensify this “collision,” referable to interaction 
between systems of analyzers that implement statokinetic stability, reten- 
tion of equiiibrium and spatial conceptions.” 


Unfortunately, M. B. Zabutyy does not substantiate his views, although the 
need for backing them up is obvious. First of all, there must be more 
definition of the nature of interaction between the otolithic and cupular 
systems in weightlessness. This is among the least studied questions in 
physiology of the vestibular analyzer. While the very fact of modulation 

by the otolithic system of reactions induced by stimulation of the semi- 
circular canals is unquestionable, the specific mechanisms and distinctions 
of these influences are unciear. Numerous investigations, involving the 

use of diverse objects and forms of stimulation of the otholith system, 

under both the combined and successive effect of linear and angular accelera- 
tions, revealed that th direction and extent of change in different para- 
meters of the nystagmic reaction depend on the correlation between stimuii 

in time, as well as crientation of otholithic maculae in relation to the 
gravitation vector, sign and magnitude of the latter [7-22]. The conclusions 
of different authors are contradictory. 


On the basis of the foregoing, it can be concluded that the conception of 
constant inhibitory influence of otoliths on the cupular system under 
ordinary conditions, as well as disinhibition of the latter in weightless- 
ness, is apparently somewhat oversimplified, especially since attenuation 

of semicircular canal reflexes is observed, rather than disinhibition, in 
studies involving rotation of subjects in weigh’ lessness [23, 24). American 
researchers [25] alse confirmed that the sensitivity of the cupular system 
not only fails to increase, but may even decrease in weightiessness. 
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the CNS with mutually supplementing and correlating signals about the posi- 
tion of the body in space, as validly indicated by G. L. Komendantov [50]. 
Disruption of the customary information stereotype could induce unusual 
neuroreflex reactions. 


The results of the research of M. D. Yemel'yanov and A. G. Kuznetsov [51] 
served a; one of the first practical confirmations of this thesis; they 
demonstrated that the thresholds of some vestibulovegetative reflexes can be 
lowered under the influence of stimulation of other afferent systems (visual 
or proprioceptive). For this reason, the principle of interaction of analyzer 
Systems was applied to interpret the genesis of motion sickness. 


Somewhat later, Lansberg [52], who analyzed the data of different authors, 
arrived at the conclusion that an “intralabyrinthine conflict," induced by 
difterent impulsation from the otoliths and semicircular canals, is the cause 
of motion sickness. Such a situation cccurs, for example, when the head 

is tilted forward and backward after rotation. In such cases, the usual 
(unchanging) impulsation from the otoliths is combined with impulsation 

from the semicircular canals, which is altered by prior rotation. There is 
impairment of the usual stereotype of stimuli from different parts of the 
vestibular system. 


The structure of the stimulus that occurs with concurrent rotation in two 
planes, for example head tilting during rotation in a chair (expert vestibulo- 
metric test), is another example of canal-otolith conflict. When the head 
moves, the otoliths send signals about the tilting along one axis, whereas 

the semicircular canals send signals at this time about angular acceleration 
along an axis that is approximately perpendicular to the first one. Under 
natural conditions, this type of sensory information is impossible, since 
otherwise movement of both halves of the skull should be in different 
directions [37]. 


There are other forms of sensory conflict, other than that between the 
canals and otoliths, that could lead to motion sickness [37]. 


The visual-proprioceptive and canal-otolithic systems deliver to the CNS 
contradictor or uncorrelated information simultaneously. There has been 
repeated demonstration of the pathogenicity of such a situation [38, 53, 54 
and others]. 


The visual system sends signals to the CNS that are not accompanied by the 
corresponding information from the proprioceptive and vestibular systems. 


Vestibular and proprioceptive information is not accompanied by the 
corresponding information from vision. Such a situation is formed in the 
closed cabin of an aircraft or ship. In such a case, the inertional 
receptors send signals about movements of an object, while the eyes supply 
information to the effect that there is no movement in relation to the 
ambient situation. Occasionally, even experienced pilots who have learned 
to integrate visual and inertional signals that are inherent in flight 
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~. The symptoms of motion sickness in weightlessness are related to stimula- 
tion of the vestibular system with natural head movements; predisposing 
factors, such as hemodynamic changes, play some role. 


3. There are several hypotheses concerning the pathogenesis of vestibulo- 
vegetative disorders in weightlessness. The most substantiated one is the 
conception of the role of disturbances in the customary stereotype for 
gound-based conditions referable to interaction of analyzer systems that 
implement spatial perception (sensory conflict). 


The hemodynamic change that is typical in weightlessness may be another 
pathogenetic factor. However, the significance of this factor, as compared 
to sensory conflict, is not quite clear and should be the subject of future 
investigations. 


4. None of the existing hypotheses can explain the entire aggregate of ob- 
served phenomena. 


It is desirable to consider this matter from the positions of theory of 
functional systems [59]. This is hampered by the lack of formed conceptions 
about the activity of a statokinetic functional system (principles of integ- 
ration of signals in the course of afferent synthesis, decision making, 

the other mechanisms of systemic organization). 


5. Heretofore, researchers have concentrated mainiy on the conditions under 
which the vestibular analyzer functions in weightlessness as an unusual 
habitat, and on other exogneous factors. Yet the question of why, in 

spite of dissimilar environmental conditions, vestibulovegetative disorders 
do not occur in all cosmonauts, but only in some of them, remains open. 

This question is not quite clear either for living conditions on the ground, 
and this is indicative of a need to investigate the role of endogenous fac- 
tors, i.e., the clinicophysiological distinctions of the integral organism 
that predetermine resistance or, on the contrary, susceptibility of man to 
motion sickness. 


Whatever the views of researchers concerning the mechanism of vestibulo- 
vegetative disorders in weightlessness, the problem of causes of individual 
differences must be solved. 


Concurrently with continued investigation of the mechanisms of the stato- 
kinetic system, distinctions of its function in weightlessness, as well as 
the role of the hemodynamic factor, it is imperative to refine methods of 
occupational screening and to use test factors that are more similar to 
real stimuli present in flight. There is still an urgent need to find 
effective agents for the prevention and treatment of motion sickness. In- 
vestigation of the causes of individual differences in degree of predis- 
position to motion sickness in different people is the most promising 
direction of research which, in our opinion, is of key importance to the 
solution of the problem as a whole. 
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[Text] In the case of prolonged bed rest, there is increased excretion of 


fluid and electrolytes by the kidneys, as is the case during a space flight, 
and this leads to development of negative balance thereof. This could be the 
cause of numerous functional disorders, In the opinion of some researchers 
\l, 2), the use of various gas atmospheres (including a hypoxic one), which 
increase the body's resistance to some extreme factors and prevent a number 
of adverse changes in fluid and electrolyte metabolism, is of interest in 
this respect. 


Our objective here was to test the effect of a prolonged stay at high aiti- 
tude on man's tluid-electrolyte metabolism and renal function during bed 
rest with different amounts of exercise. 


Methods 
We selected |l2 essentially healthy men ranging in age from 18 to 25 years 
to participate in this study; they were conditioned and resistant to hypoxia 


to about the same degree. 











At er two background examinations at the therapeutic clinic of Frunze 

Mevical Institute, all of the subjects were transported to the mountains 

at an altitude of 2200 m, then in horizontal position to an altitude of 3200 a. 
They spent 12 days at each altitude, and overall ceration of bed rest in the 
movatains constituted 24 days. 


During the stay in the mountains, the subjects were separated into two equal 
groups, according to degree of motor activity: the first group consisted 

of subjects on strict bed i:3t (clinostatic hypokinesia) and the second, 
subjects submitted to measured exercise against the background of bed rest. 
For partial compensation of motor inactivity, the second group of subjects 
performed exercises in two cycles, lasting a total of 40 min, with total 
energy expenditure of about 300 kcal/day, while remaining in horizontal posi- 
tion [3]. 


The subjects spent 10 days at a hospital (in Frunze) after the bed rest, 
with unrestricted motor activity (recovery period--RP). At all stages of 
the study, the subjects were on a standard diet consisting of natural 
foodstuffs with a caloric value of about 3000 kcal/day. 


In order to assess fluid-electrolyte metabolism and renal function, we 
weighed the subjects, assayed sodium and potassium concentration in blood 
serum and urine by the method of flame photometry, osmotic concentration 
using a semiconductor thermistor, creatinine content according to Bonsnes- 
Toski, hematocrit, circulating plasma volume using Evans’ blue (T-1824), 
and renal plasma flow with 70% diodone [cardiotrast] by the method of 
Smith-Ratner. We kept a record of daily fluid input and output. In addi- 
tion, we calculated circulating blood volume and erythrocyte mass, rate of 
glomerular filtration according to endogenous cretainine clearance, renal 
blood flow and resistance to blood fiow in the kidneys. 


A 4-h water load test (20 ml/kg body weight) using the conventional method 
was performed in order to assess osmoregulatory function of the kidneys. 
Determination was made of osmotic index, osmotic clearance, clearance of 
osmotically free fluid and rate <{ excretion of osmotically active substances 
at the height of fluid diuresis, as well as with spontaneous diuresis [4, 5]. 


Results and Discussion 
In the background studies, the parameters of fluid-electrolyte metabolism 


and renal function were consistent with the levels inherent in a healthy 
man under analogous climate conditions. 


During the stay in the mountains, both groups of subjects lost weight to 
a mean of somewhat more than 2 kg by the end of the experimental period. 
A change in fluid balance during bed rest could be one of the possible 
causes of this phenomenon [6]. Apparently, hypohydration of the body 
could be considered the chief cause of weight loss, in view of the fact 
that the weight of the subjects virtually returned to base levels by the 











3d day of the RP. The data pertaining to daily fluid intake and output could 
serve to contirm this assumption. During the stay in the mountains, both 
groups of subjects presented virtually the same decrease in fluid intake 
(P<0.05-0.01). In spite of this, there was a mean 250 mi (P<0.05) increase 
in diuresis during the period of bed rest in the first group of subjects, 

and virtually no difference from the base level in the second group. 


Of course, the changes in absclute fiuid input and output in the course of 
the study caused changes in renal loss of fluid (ratio of diuresis to 

fluid intake) [7]. Thus, while the magnitude of this parameter did not ex- 
ceed levels that are usual for these climatic conditions (51-63% of total 
24-h fluid intake) in the background tests, during the period of the study 
it increased to a mean of 74-82% in both groups of subjects (Figure la). At 
an altitude of 2200 m, renal fluid loss was greater in the first group of 
subjects (P<0.05), while no differences between indices of both groups were 
demonstrable at an altitude of 3200 a. 


Along with increased diuresis during 
bed rest, both groups of subjects 
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(P<0.05), and this is apparently related to decrease in muscle weight during 
prolonged hypokinesia. Analogous changes in potassium excretion were ob- 
served during bed rest in the lowlands [6]. 


The above changes in osmoregulatory and ionoregulatory function of the kid- 
neys could be related to the distinctions of renal hemodynamics or state of 
neurohumoral systems that maintain fluid-electrolyte homeostasis of the 
body's endogenous environment. Since no substantial changes were demonstrated 
in rate of glomerular filtration or renal blood flow throughout the period 

of the study, with the exception of faster glomerular blood flow on the Ist 
day of bed rest (P<0.05), the increased excretion of fluid and electrolytes 
was attributable to a change in transport thereof in the tubules. 


Under these conditions, decreased activity of the renin-angiotensin- 
aldosterone system, which was repeatedly observed with man in a horizontal 
position '*, 9] and under hypoxic conditions [10-12], could be the most 
probable cause of decreased reabsurption of fluid and sodium. Since changes 
in intravascular volume and electrolyte composition of blood could be the 
chief factors affecting the decrease in secretion of renin and aldosterone 
during bed rest and stays at high altitudes, special attention was devoted 
to these problems. 


We observed a significant (P<0.01) increase in circulating blood volume 
(Figure 3a) in both groups of subjects during the stay in the mountains. 
This was not associated with significant change in plasma volume, and the 
observed hypervolemia was attriburable mainly to an increase (P<0.001) in 
erythrocyte mass (see Figure 3a). Im addition, there was an increase in 
sodium concentration in blood plasma (P<0.05) during the period of the 
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investigation. The increase in circulating blood volume and concentration 
of sodium in plasma could be the cause of decreased renin and aldosterone 
production [11, 12] and, consequently, increased renal excretion of sodium 
ang tiuid. 


We conducted a functional test with a water load for the purpose of more 
comprehensive examination of the functional state of the kidneys; it re- 
vealed a decrease (P<0.05-C.01) in fluid output (Figure 1b) in all subjects 
at both altitudes. At 2200 mg, the Ist group of subjects presented a greater 
decrease in fluid excretion after the water load than the 2d group P = 0.05). 
This was apparently due to more garked hypohydration of individuals who 
maintained strict bed rest. At 3200 a, no differences were demonstrated 
between the groups with regerd to the water load test. 


Along with a decrease in renal capacity to rapidly excrete fluid after the 
water test in both groups of subjects, there was a decreuse (P<0.05) in 
maximum diuresis and excretion of osmotically free fluid (Figvre lc) during 
the study period, which was most likely indicative of incomplete depression 
of antidiuretic hormone secretion after the water load. At the peak of 
tluid diuresis, we observed an increase (P<0.01) in osmolarity of urine 

and, consequently, in value of the osmotic index (P<0.01). Evidently, these 
changes in osmoregulatory function of the kidneys could be the result o: 
relatively high secretion of antidiuretic Sormone during bed rest, at the 
Stage prior to the test, due to the above-mentioned increase in osmotic 
concentration of plasma and iacrease in sodium content thereof. At the same 
time, prolonged exposure to hypoxia in the case of ordinary motor activity 
does mot activate the antidiuretic system and could even reduce antidiuretic 
hormone production [13]. 





Thus, our investigations established that 24-day bed rest at a high alti- 
tude, like hypokinesia at the usual barometric pressure, induced an increase 
in renal excretion of fluid, ostmotically active substances, sodium and 
potassium in essent ialiy healthy people. Hypohydrat ion of the organism 
{al 


about J-4 f body weight) was the result of increased excretion of fluid. 
However, while dehydration was associated with a decrease in circulating 
bleed volume under lowland conditions, in the presence of typoxia we obd- 
served an increase in blood voilu ave ft sme fease 3 erythrocyte Mass. The 
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[Text] Many works by Soviet and foreign authors deal with demonstration of 
the mechanisms of bone conduction [1-9]. However, the dissemination of 
verbal sounds emitted by man over the cranial bones has not been sufficiently 
investigated. 


Our studies of bone conduction provided for enhancement of the quality of 
speech perception and reproduction over communication channels equipped with 
noise-suppressing devices. 





According to the data of Martin [10], Goodhill et al. [11], placement of 
bone telephones in the region of the forehead is the most convenient and 
yromising. These points were chosen for the purpose of delivering the 
verbal signal to the organ of hearing. The experience of clinical examina- 
tion of patients and use of hearing aids revealed that the region around 
the ear (aastoid, conchal tragus) is the most convenient for placement of 
electroacoustical transducers |[transformers). in our work, we studied the 
nature of generation of a verbal signal by the articular system, extending 
through the cranial bones (microphone channel) and cistinctions of auditory 
perception of a verbal signal through bone (telephone channel). 


Methods 


We selected eight regions on the surface of the head tor our studies: the 
cheek, upper lip, forehead, occiput, ¢« hin, mastoid, conchal tragus and 


parietal region, where a standard bone “sensor” as used in hearing aids 


and audiometers was placed. 











The syllabic articulation tables (GOST 16600-73) read by experienced speakers 
in a quiet environment and with noise of 120 dB were recorded synchronously 
by means of the condenser microphone and bone “sensor™ on two identical 

tape recorder tracks [channels]. The obtained verbal material was analyzed 
by a trained articulation team in order to determine the clarity of 
syllables obtained with the use of the selected regions for the location 

of the bone "sensor." 


The spectra of speech were examined to assess distortions appearing along 
the osseous route of reproduction of the verbal signals, as compared to the 
usual air route. 


Since there are great difficulties involved in obtaining a precise record 
of the distinctions of frequency characteristics of osseous “sensors” [or 
pickups} loaded for external impedance, we used the method of comparison of 
spectra of speech oscillations from the bone “sensor™ and air microphone 

to determine the spectral feati'res of speech. For this purpose, we recorded 
the standard phrase, "one... two... three...," on both channels of the tape 
recorder, as pronounced by the speaker before and after reading the 
syllable tables. We then made a trequency analysis of the standard phrase 
on a spectrometer in one-third octave bands. The frequency spectra of 

the test [standard] phrase from the bone "sensor" at each tested point were 
scaled to the spectrum obtained from the microphone by calculating the 
ditterence between intensity of the verbal signal through bone and air 

in identical one-third octave filters. 


The same device was used to assess the transmission-frequency characteris- 
tics of bone conduction of a verbal signal from the region of the forehead. 
In this case, the bone"sensor" was replaced by an accelerometer which had 
uniform frequency characteristics from 5 to 20,000 Hz. Phonemes (a, o, u, y, 
i) were used as signals, as uttered by the speaker and recorded on tape. 

This was followed by harmonic spectral analysis of the verbal phonemes. 

The transmission-frequency characteristics of bone conduction were defined 
as the difference between signal levels at a given frequency in the channel 
of the accelerometer and microphone. 


In order to explore the possibility of using bone conduction for perception 
of speech, the bone “sensor” operating in the telephone mode was fixed on 
the tested piaces of the human head, and standard syllable tables were 
transmitted from the tape recorder, through an amplifier. The eftective- 
ness of perception of verbal material was determined by the quality of 
intelligibility. 


With the use of noise, the bone “sensors” were protected by various noise- 
proof devices (plugs, helmet, noise-proof mask), which enabled us to assess 


the prospects of practical use of a bone "sensor" in modern communication 
systems. It was of special interest to investigate the effect of occlusion, 
which occurs when the external auditory meatus is blocked by ear plugs, as 


a means of improving auditory perception. 
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Results and Discussion 


The Table summarizes the results of articulation readings obtained with the 
use of a bone “sensor™ in the microphone mode. The data listed in this 
table indicate that the intelligibility of syllables in the verbal signal 
recorded with the bone “sensor"™ is in the range of 58 to 73%, depending on 
where it is placed. These grades of intelligibility are 11-26% lower than 
those obtained for the same tables recorded on the second channel of the 
tape recorder through air microphones. The difference is somewhat smaller 
in the case of intelligibility of words, obtained by estimation, due to the 
extra information contained in words. 


Intelligibility of speech as related to the place where the signal is 
picked up by a contact “sensor™ and type of microphone 
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in the Table, when the electroacoustic bone transducer is protected with 
noise-proof devices, the syllabic intelligibility is 5-15% higher from 

the regions of the forehead, occiput and conchal tragus than through the 
DEMSh-1A and LA-5. Studies in this series do not alter existing conceptions 
{[12, 13] that bone microphones have poorer resistance to noise than air 
microphones, but they show the directions that permit more effective use 

of bone conduction for practical purposes, by means of an optimum combina- 
tion of noise-proof devices and bone "sensor." 


The Figure illustrates the results of analysis of distortions of the verbal 
signal of the standard phrase in the frequency range of 160 Hz to 5 kHz, 
scaled to the spectrum of speech recorded through the microphone channel. 


The maximum and minimum differences in air-bone speech transmission, obtained 
from the results of analysis in each one-third octave filter are shown by the 
top and bottom boundaries of each graph, which characterizes, to some extent, 
the error factor of the method. The striped area is the deviation of 

Spectra of the bone "sensor" from the spectrum of the microphone channel. 
Positive figures indicate that higher levels are picked up from the bone 
channel in a given one-third octave band than from a microphone. 


The spectrum of a standard phrase (determined in most cases by the vowel "a") 
obtained with the bone "sensor" placed on different parts of the head is 
characterized by certain frequency deviations from the spectrum of speech 
via the air route of sound conduction. At several points, we observe eleva- 
tion of components in the region of iow frequencies (points 1 and &, fore- 
head and sinciput); at other points this applied to high frequencies (points 
3 and 4, upper lip and cheek) and at others yet the spectrum was close to 
normal(point 2, chin). The degree of high-frequency transmission is 
correlated the most with intelligibility. 


Analysis of the spectral composition from the bone "sensor" reflects only 

some of the distinctions of Russian speech. Apparently, other vowels of 

the Russian language would have a different degree of distortion. Measurement 
of transmission-frequency characteristics of vowel phoneme sounds and their 
harmonics was made at fundamental tone frequencies of 101 and 167 Hz. As 
shown by the measurements, the transmission-frequency characteristics are 
uneven, with level changes of 30 dB, for all sounds in the above frequency 
range. 


The shape of the curves of transmission-frequency characteristics is speci- 
fic for each tested sound, and within the range of reading error it is un- 
related to the frequency of the fundamental tone, as indicated by the 
results of measurements taken at different fundamental tone frequencies 

of the sounds studied. 


The causes of variations in transmission characteristics are probably refer- 


able to the difference in route traveled by the sounds from the sites of 
production thereof to the pick-up points, the nature of damping [attenuation] 
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and resonance phenomena. 


The data pertaining to transmission-frequency 
characteristics of bone conduction with the sensor located at any jiven 
point should serve as the basis for selection of optimum frequency compo- 








nents of electroacoustical systems used in communications and rehabilitation 


of hearing. 


oi. GB 
° 20 


10 











o 10 

te re I £29 senrh = on es 
wy vv Pele 2500 SOU 

*20r 2 











1250 «4500 $200 




















Frequency, 


Spectral characteristics 


from different of 


parts 


1) torehead region 
') chin 
}) upper lip 





Ol 
the 





Sa a we emai. aie 
~ 


"* 774 4 
. vw ie 





Frequency, Hz 


verbal signal recorded with bone "sensor" 


head 
4) cheek /) ocr iput 
>) conchal tragus 8) parietal 
H) mastoid region 








There are considerably more works dealing with bone conduction with the use 
of a bone “sensor™ in the telephone mode [14-17]. In our studies, we 
contirmed that optimum intelligibility of perceived speech is observed 

when the “sensor™ is fixed on the mastoid, conchal tragus and forehead. 
Protection of the "sensor" from noise by means of plugs increases intelli- 
gibility of syllables by up to 15%. An even better effect is obtained 

if the auditory meatus is protected with ear plugs. In this case, there is 
attenuation of noise to which the ear is exposed via air, on the one hand, 
and increase in concentration of sonic energy in the region of the middle 

ear as a result of the occlusion effect, on the other, which leads to 
amplification of the perceived signal. For the ‘orehead, mastoid and tragus, 
the gain in intelligibility due to occlusion corstitutes up to 20% (in the 
presence of noise). When the bone "sensor" is in the region of the occiput 
use of ear plugs does not improve intelligibility. Evidently, this is 
attributable to the anatomical and morphological distinctions of the occi- 
pital region, where there is essentially prevalence of compression 

vibrations of tissues, there being less significance of inertional mechanisms 
of bone conduction, to which the occlusion effect is related. 
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{English abstract from source] 


The pattern of erroneous perception of entelligible and mooherent words accompanied 
. uf noise has been investigated. It has been found that proper interpretation of inco- 
erent words depends at large on their rhythmic, or syllabic structure. As a rule. the words 
ite reconstructed in the b ck io-forwatd direction. One. and iwo-syllable words wrth pre 
dominant median and jow frequencies are those which are most frequently subjected to 


roach tlhuspons 


[Text] In aviation and cosmonautics, not only the effectiveness of ful- 
filling the flight program but, to a significant extent, safety of a mission 
depend on providing reliable communication. It is also known that radio 
communication between ground-based operators and crew members always takes 
place against the background of a relatively high level of different types 
of noise interference. Several flight incidents have been described in the 
literature, which were related to faulty reception or misunderstanding of 

a communication [1-3]. 


We submit here the results of studies pursued to explain the causes of 
erroneous interpretation of both meaningless and meaningful words. In our 
opinion, erroneous interpretation of a communication is more important to 
the safety of a mission than missing it entirely. When a pilot does not 
respond to inquiries of a ground-based operator, the aviation radio communi- 
cation system provides for repetition of the message. This opportunity 
does not exist in the case messages are misunderstood. 


Methods 
We conducted two series of studies. 


In the first series, a tape recording was used to present a series of 20 
meaningless words to 56 healthy subjects, the average age of whom was 


*CSSR. 
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32.4 years. Different phonemes were not repeated in the words. When choos- 
ing them we adhered to the principle of frequency representation of phonemes 
and combinations thereof in Czech. The signal to noise ratio during re- 
production of the words constituted +10 dB. In all, we presented 1120 
spurious words. 


In the second series, we tested 80 pilots by the method of aviation speech 
audiometry. The tape that the pilots listened to was obtained in the follow- 
ing manner: a standard tape recording used in clinical practice was trans- 
mitted over a system of three interconnected ground-based radio stations 

to an aircratt, where it was rerecorded. Thus, we obtained eight variants 

of a set ot words unevenly obscured to different extents by noise. The 
difference between the verbal signal and noise constituted +3.7 dB, the 

range being 0-20 dB. The pilots listened to this distorted tape of i100 
words through a headset in a quiet chamber at an amplification of +30 dB 
above the absolute threshold of hearing. In all, 8000 words were presented. 


in the tests, we were concerned only with the subjects’ wrong answers 
Results and Discussion 


in the first series of tests, we presented a total of 1120 “words” consisting 
of 6720 phonemes. Distortions at the lowest level of decoding of the 
verbal stimulus were noted in 962 cases (14.2%). The different phonemes 
varied with respect to possibility of “substitution.” The vowel sound "a 
was found to be the most discernible, and it was properly identified in 
99% of the cases. The “substitution” dynamics are interesting. Thus, 
the phoneme “a" was perceived in rare cases as "e," the phoneme “e" as "o 
and “"o" as "a." The phoneme "b" was perceived as "p," "p" as "k," “k" as 


" " 
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If an entire word is taken as the main unit, 522 words (46.64) were per- 
ceived with distortion. Some meaning was attributed to almost half of 

them (222), although the stimulus was meaningless. The syllabic structure 
of the words was always correctly retained in illusional perception thereol. 
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the relative stability of rhythmic structure of words was equally manifested 
in the tirst and second series of tests. It consisted of a great similarity 
ot the “syllabic nature” of the verbal stimulus and response. Two-syllable 
words were the most stable. In our opinion, the tendency to give preference 
to two-syllable answers, rather than one- and three-syllable ones, reflects 
the statistical patterns inherent in the Czech language. As in the studies 
with meaningless words, in perceiving meaningful words the pilots most often 
correctly picked up the end of the verbal stimulus, as compared to the 
beginning. Reconstruction of a word in the case of erroneous perception 
most often occurred starting at the end of the word (54.52%), rather than the 
beginning (41.1%). In 4.1%, we were unable to determine the source of 
the verbal illusion; often it was a case of free associations, without any 
relation whatsoever to the rhythmic or phonetic form of the stimulus. 


Uniike the first series, in the second one we were unable to demonstrate a 
rule for substitution of some phonemes by others in meaningful material. In 
this respect, our findings differ from those of authors who were concerned 
with a similar problem ia the past [4]. 


Reconstruction of an indistinctly perceived verbal signal is a complex pro- 
cess [5, 6]. The missing part of the verbal signal, obscured by noise, is 
filled in on the basis of infraverbal, verbal patterns and on the semantic 
level, supraverbal psychological and linguistic patterns also. It appears 
that the higher the structural level of the perceived information, the 
greater the possibility of noise of a biological nature (emotions, fatigue, 
etc.) and situational context affecting the accuracy of its interpretation. 
The lower the structural ievel of the perceived information, the more 
importance is acquired by rhythmic, phonetic and phonological properties 

of the verbal stimulus. 


Perception of a complex verbal signal is based on successive evaluation of 
the main units on the lower level of the structure of the message. The 
syllable is the lowest perceived unit of speech [6]. Setting aside the 
role of this unit in decoding a verbal signal on the phonetic ievel, the 
property of “syllabicity” becomes particularly significant: the rhythmic 
pattern of verbal structure. According to works dealing with the study of 
speech perception in the presence of noise, this characteristic is 
relatively very stable |7]. 


The tendency to interpret indistinctly perceived words on the basis of their 
ending could be attributed, at least in part, to the fact that in a 
situation of informational uncertainty the listener makes a decision about 
the semantics of the message only after he has picked up the widest 

possible assortment of informational characteristics (rhytmic, intonational, 
phonetic, etc.) about the acoustic signal. There is an important conclusion 
to be derived from these findings for aviation and space radio communication 
practice. When training operator-speakers for air and space tratfic, one 
must stress the need for proper enunciation of expressly the endings of all 
words. It is a known fact from experience that many flight controllers 

and even pilots “swallow” the last syllables. 
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The overall intelligibility of radio conversations can be substantially 
improved by selecting a suitable length and frequency composition of words 
in the aerospace vocabulary. Nevertheless, the above method does not 
provide in all cases for effective stability of verbal signals with regard 


to diverse distortions. 
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[English abstract from source] 


The effect of vibration and noise of helicopters on the psychophysrological functions 
their crewmembers was studied in relation to thew age The changes were mostly pro 
need mm pilots younger than 20-—25 and older than 45 vears. The peculiar changes in 

ogical functroms can be associated with the age related features of adapta- 
Vibration and nowe effects and with the different level of professional traming 


[Text] The work of helicopter crews presents several distinctions due to 

the effects of specific flight factors and difficulty of piloting helicopters. 
Under such conditions, the safety of a flight depends on the pilot's 
professional skills, his health status, which is largely determined by his 

age [5] and extent of effects of specific flight factors (noise, vibration). 
At the same time, there has not been sufficient investigation of the age- 
related aspect of the influence of vibration and noise on piloting. 


Methods 


Studies were conducted with civil aviation pilots in the spring and 
summer, under good weather conditions and microclimate in helicopter cock- 
pits. The pilots of different types of helicopters were divided into six 
age groups: 20-25 years, 26-30, 31-35, 36-40, 41-45, 46 and older (see 
Table). 


Yak-40 aircraft pilots served as a control group. The working conditions, 
work and rest schedules were essentially the same for both groups of pilots. 
Substantial differences were referable only to noise and vibration levels. 
Thus, according to the data of V. Ye. Kvitka [1], in the crew's quarters 

of the Yak-40 aircraft, the levels of these factors were below the 

maximum permissible norms recommended by the International Standard i50 PMS- 
2631. Conversely, according to the data of I. Ya. Borshchevskiy et al. 
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[2, 3], as well as N. N. Gurowskiy [4], the vibration in helicopter cockpits 
exceeded this standard and sanitary norz No 110 2-73. 


Quantitative distribution of pilots studied in age groups 
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The pilots were examined in the morning, 30-60 min before flights and in 
the evening, 30-40 min after termination thereof. Visual analyzer function 
was evaluated according to the parameter of critical flicker fusion 
frequency (CFFF), which characterized the level of lability of the main 
nervous processes in the central element of this analyzer. Complex condi- 
tioned reflex activity was assessed according to accuracy of reactions to a 
mving object (RMO). The capacity for fine coordination of movements was 
tested by means of static tremometry (ST). Articulomuscular sensibility 
was evaluated according to capacity to reproduce a specified muscular 
exertion (RME). All measurements were taken using a PINR-03 instrument [5]. 
The data were submitted to statistical processing using the criteria of 


Student. 
Results and Discussion 


in the base state, differences in CFFF indices were noted in the different 
age groups. With increase in age, there was a reliable decrease in pilots 
of the test and control groups. There was a particularly significant 
change in the age group of 45 years and older, which is indicative of 
decreased functional ability of the main nervous processes in the central 
element of the visual analyzer, due to age-related changes. This is con- 
firmed by deterioration of main visual functions in pilots over 45 years of 
age [6]. Consistent age-related differences in the base state were not 
demonstrable in the two groups of pilots with regard to other parameters. 


Postflight testing revealed specific changes in the parameters studied 
mong the Yak-40 pilots, although they were unrelated to age. Conversely, 
mong helicopter pilots, there were reliable changes in all parameters 


for the group asa whole and consistent differences in different age groups. 
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Since the base data were different for different age groups, the results 
of postflight tests were subnitted as perceatages of the base levels. 
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Figure 1. 
Changes in RME (1) and ST (2) indices 
after flight in helicopter (solid 
line) and Yak-40 aircraft pilots 
(dash line) in different age groups 








Figure 2. 
Changes in CFFF (1) and RMO (2) indices 
after flight in helicopter (solid 
line) and Yak-40 aircraft pilots 
(dash line) in different age groups 
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Worsening of RME precision and 
elevation of ST after the flight 
were the most marked in the 20-25 
year group (Figure 1); there was 
a reliable decline of CFFF and RMO 
(Figure 2). With increase in age 
the postflight changes diminished. 
The least changes in parameters 
were noted in the age range of 3l- 
45 years. In the older age group, 
there was drastic increase in post- 
flight changes in psychophysiolo- 
gical indices. 


Thus, in individuals 20-25 years of 
age, helicopter flights for a 7<h 
work day induced marked changes in 
higher nervous activity, functions 
of visual and motor analyzers. in 
the older age groups, the severity 
of these changes gradually diminished; 
however, in those over 46 years old 
they again became more marked. Evi- 
dently, the differences in para- 
meters of different age groups are 
based on adaptive phenomena due to 
age-related psychophysiological dis- 
tinctions. It is known that the 
degree of adaptation to various condi- 
tions is determined by the duration 
and frequency of man's exposure to 
them. Obviously, at a younger age 
with briefer work tenure and, conse- 
quentiy, insufficiently high level 
of occupational training, there would 
be poorer adaptation to helicopter 
flying conditions than at an older 
age. For this reason, there is 
faster development of signs of dis- 
integration of psychophysiological 
functions in the course of a work 
day among individuals in the youngest 
age group. With increase in age and 
tenure, there is refinement of 
adaptive mechanisms and professional 
skills, which is associated with 




















attenuation of psychophysiological reactions to flight factors. In this 

respect, 45 years is apparently the critical age, since after this there 

is depletion of adaptive capabilities of the organism, which is the cause 
of drastic intensification of reactions cto flight factors. 


Vibration and noise are the prime factors in helicopter flights. The vibra- 
tions of modern Soviet helicopters are in the low- and msedium-frequency 
ranges of the spectrum, and they could induce significant physiological 
changes in pilots [3, 4]. The noise in helicopter cabins also reaches sig- 
nificant levels that can have an adverse effect on man [7]. 


Apparently, it is expressly the effect of the vibration and noise factor, 
against the background of nervous and emotional stress, that led to develop- 
ment of the above changes. Among helicopter pilots as a group, these 
changes consist of a wide range ot physiological effects of vibration and 
noise, which were of a reflex nature in this case. Moreover, we cannot rule 
out the direct effect of vibration on some organ or other, as a result of 
development of resonance phenomena [8-11]. 


ine observed distinctions of psychophy* iological changes in different age 
groups could also be related to the effects of the vibration and noise 


fac tor. 


Many authors have reported that man adapts to vibrations and noise as 

time of contact with these factors increases. On the other hand, it has been 
Gemonstrated that the rate of development and severity of pathology 

related to vibration and noise depend on the age at which an individual 
starts to work under vibration-prone conditions [12, 13}. 


Our observations revealed that adaptation to the noise and vibration factor 
increases with increase in age and work tenure. However, at over 45 years 
of age, adaptive mechanisms are apparently depleted, and the body reacts 
with more significant changes to vibration and noise. This conciusion is 
consistent with the clinical data on changes in health status of pilots 
over 45 years of age [6]. 


Consequentiy, the greatest changes in psychophysiological functions after 
fiving on helicopters were observed in pilots 20-25 and over 45 years of 

ime. in the age range of 31-465 vears, there were the least tarked reactions 
to vidration and noise. fhe obtained data may be used in medical certifica- 
tion of flight personnel in the helicopter aviation. 
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[English abstract from source] 


‘ “ ») simulated altitude of 8000 m, anticipation of 
work to be done under the conditions of time defi 
ybout changes im the protein carbohydrate, vitamin 
d peripheral blood. Nutrient ingredients (vita 
te) added to the diet belore and d ring: sifess 
ers studi 


[Text] Our objective was to investigate the condition of the body's 
internal environment in the presence of simulated stress situations similar 
to the occupational activities of cosmonauts, and to test under analogous 
conditions foodstuffs and elements that enhance adaptational capabilities 


oT tne bi dv. 


Me t us 
Wwe conducted two 60-day studies with the participation of 10 healthy men 
ranging in age from 23 t ‘l years (5 in each study). 
Neuroemotional str was induced by three models of stress situations. In 
tne first, Simuiation i ascent ¢t an altitude of 8000 m in a pressure 
hamber was used as a stressor; in the second, anticipation of gravita~- 
tional accelerations 1 a centrifuge and in the third, performance ot 
specitied mental activity within an excessively short period of time under 
litions of “success™ and “failure” situations. Before each test, che 
subjects were intormed at | h about the test to be performed on the 
following day. imulati f “ascent” was made by means of creating the 
ippropriate nois« in a GBK-63 pressure chamber, in which there was an 
altimeter connected t ;cuum pump, which enabled the subjects to see 
the “altitude” at which the were. During the test, we recorded the heart 








ana respiration rates. Prior to che second stress situation, the subjects 
were informed that they would be rotated on a centrifuge at accelerations 
ot up to 8 G, and at 1100 hours the following day this factor was cancelled. 


In the third stress situation, the subjects were allowed to choose among 

tasks varying in difficulty, each of which included working with cryptographic 
symbols tor time and solving logic problems (G. Ayzenko's numerical test). 
This test was conducted by means of verbal instructions given by the 
investigator, and along with the reaction it permitted evaluation of 
inteliectual distinctions of the subjects. 


Before and after exposure to stress tactors, we analyzed peripheral blood 

tor amylase activity, sugar content, hemoglobin, erythrocytes, reticulocytes, 
thrombocytes, leukocytes and the leukocyte formula. In venous blood, we 
assayed total protein and protein fractions, free amino acids, cholesterol, 
total lipids, 4- and S-lipoproteins, ll-hydroxycorticosteroids and aldolase 
activity. Total nitrogen, urea, amino nitrogen, uric acid, creatinine, 
epinephrine, norepinephrine, 1/-hydroxycorcticosteroids and vitamin C 

were assayed in 24-h urine samples. 


In the second study, we tested three variants of food supplements, which 
included vitamins, minerals, glucose and phosphatide concentrate in differ- 
ent combinations, to correct changes in metabolic processes and physiological 
functions observed in the stress situations. The choice of these consti- 
tuents was based both on their role in metabolic processes and information 

in the literature concerning a greater requirement for them in the presence 
of physiological tension [1-3]. The subjects took the food supplements for 5 
days before modeling the stress situations and on the day of exposure to 

them (a total of 6 days). 


iven the complete set of food supplements before 
climbing to high altitude”: 1 Undevit multiple vitamin lozenge, 180 mg 
ascorbic acid, 200 mg pangamic acid, 60 g glucose, 1.1 g potassium, 34 mg 
magnesium, 305 mg phosphorus, 1 g chloride, 300 mg calcium; prior to anti- 
ciptiation of rotati« mn the centrifuge, the subjects received ail of 
these supplements, with the exception of vitamins; prior to the psycholo- 
gical test, they were given 1 Undevit multiple vitamin lozenge, i80 mg 
ascorbic acid, 60 g giucose and 80 mg phosphorus. 


Ihe subjects were 


* 


> 


The diet of the subjects consisted of a ration of canned and dehydrated 
foods totaling about 2900 kcal in value. It contained about 140 g protein, 
95 g fat and 350 g carbohydrates. In addition to this ration, the subjects 
took 2 Undevit multiple vitamin iozenges daily. 

Re SU:ALS ’ ; is i 

Simulation of an ascent (first study) induced an increase in blood serum 
total protei tration in four subjects (mainly referable to albumins 
ind Lol in fraction) at statisticlaly reliable decrease in all tested 
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amino acids in most subjects. Anticipation of the centrifuge rotation led 

to a decline of 6 out of the 15 tested amino acids (valine, phenylalanine, 
tyrosine, cystine, proline, alanine). Evidently, these changes were re- 

lated to increased utilization of amino acids for synthesis of albumins, 

as being the most labile proteins, and processes of gluconeogenesis. Con- 
versely, the psychological test led to an increase in amino acid content, 
particularly glutamic acid with glutamine, the concentration of which tripled, 
which is apparently related to intensive glutamic acid metabolism in the 
brain, and it was associated with accumulation thereof in blood plasma [4]. 





A decrease in daily excretion of total nitrogen in urine was observed in 
most subjects under the influence of the "climb." On the day of exposure, 
total nitrogen excretion constituted a mean of 13.7 g/day, versus 16.3 g in 
the background period. On the following day, there was generally no change 
in excretion of total nitrogen (13.7 g/day). Only 1 day after being in 

the pressure chamber did we obtained values close to background levels. 
Anticipation of rotation on the centrifuge led to some decline of total 
nitrogen in three subjects. During the aftereffect period, we observed an 
increase in total nitrogen content of 24<h urine to a mean of 18 g in all 
of the subjects. 


Analysis ot the results of testing the glycemia level revealed that there 

was an increase in sugar concentration in blood of 2 subjects under the 
intluence of the pressure chamber, while anticipation of centrifugation 
elicited elevation of this index in all subjects (a mean of 69-94 mgZ). 

In the background psychological studies, the glycemia level was higher than 
with exposure to a real psychological factor (107 mg’, versus 76 mez). These 
data indicate that emotional factors induce primarily a hyperglycemi« 


response. 


Ihe results of our studies failed to demonstrate appreciable changes it 
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Exemination of peripheral blood revealed that the most marked blood changes 
were observed in response to anticipation of rotation on the centrifuge. 
Thus, in blood taken from three subjects just prior to the stress factor 

we found an increase in leukocytes, segmented neutrophils and decrease in 
relative lymphocyte content (up to 18%). The reaction of the blood system 
to the pressure chamber was referable mainly to the leukocyte formula: 
relative lymphocyte count dropped from 40-47 to 20% in 2 subjects, and 

in | case it dropped to 11. (versus 30% in the background period) immedi- 
ately atter the pressure chamber. On the 2d day of the aftereffect period, 
there was tendency toward return of this parameter to background levels. 
we tailed to demonstrate appreciable changes in the rest of the hematological 
indices. 


As a result of testing the functional state of the adrenals, we found an 
increase in daily excretion of 17-hydroxycorticosteroids in urine due to 
Simulated ascent and anticipation of centrifuge, which is indicative of 
increased adrenocortical function. Excretion of epinephrine and norepineph- 
rine remained unchanged. 


In the second study, there was only a tendency toward increase in blood 
gerum albumins under the itafluence of the pressure chamber, against the 
background of food supplements. The food supplements, and particular 


the complex thereof, had a corrective effect on amino acid composition of 


blood plasma. Thus, under the influence of the “ascent” there was a 
decrease in concentration of only some amino acids (valine, proline, alanine, 
glutamic acid with glutamine); anticipation of rotation on the centrifuge 


induced a decrease in glutamic acid with glutamine, while the psychological 
test did not elicit appreciable changes in amino acid content of blood plasma. 


[The food supplements had a beneficial effect on nitrogen metabolism in the 
tirst and second stress situations. A tendency toward decreased excretion 
of total nitrogen was only observed during performance of the psychological 
test, when urea content of urine decreased, while amino nitrogen increased, 
which is apparently attributable to the lesser participation of amino acids 
in the process of gluconeogenesis as a result of including glucose in the 


OOG SUpp icu nts. 


The food supplement i t aftect regulation of glycemia in the "ascent" 
situation. Prior to this, all subjects presented an increase in blood 
Sugar concentration, which « tituted a mean of 102 mgZ, versus 72 mg in 
the background pet ° is in the first study, there was an appreciable 
elevation of gi mia prior to the background psychological test. A 
beneficial result w lemonstrated when glucose was used in combination 
with minera | iosphatide concentrate in the situation of anticipation 
yf ent ‘ rot ° 

Strate sub tial chang in excretion of ascorbic acid, 


whi ff saturation tf the body with vitamin C. 











A faster pulse was found in only one subject during the "ascent." This 
was not associated with any subjective sensations. 


The results of the second study also revealed that, against the background 
of using food supplements, there was merely an increase in leukocyte count, 
with no change in leukocyte formula, under the influence of the pressure 
chamber and anticipation of centrifuge rotation. Moreover, we demonstrated 
some intensification of adrenocortical function during simulation of ascent. 





Thus, changes were obtained in protein and carbohydrate metabolism, vitamin 
C metabolism, morphological composition of peripheral blood, adrenocortical 
function and heart rate as a result of reproducing stress states. 


We observed considerahle individual fluctuations of degree of manifestation 
of the above reactions, and this is apparently related to the subject's 
type otf higher nervous activity. 


It was demonstrated that the food constituents (vitamins, minerals, glucose, 
phosphatide concentrate) used in our studies as supplements on the eve and 
during the period of stress situations prevented a number of changes that 
the stressors induce in the subjects. The corrective influence of the food 
supplements was manifested by absence of changes in protein composition of 
blood serum, vitamin C metabolism, morphological composition of peripheral 
blood and heart rate. 
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[English abstract from source] 


u SUDjectsS (ea | 4 persons) took part in a 100-day bed res! 
experiment During study Greap 2 d@ed exercorses. \-ray examinations showed that bed 
‘<a ‘ ves enigenoanatomcal structure of the heart, + devTease oF ls 
| In Csroup 2 thes nanges wetco tar bees 
i S month 
[Text] The increase in incidence of cardiovascular diseases is related to 


the decrease in share of physical labor in modern man's activities [1]. 
Hence, it is understandable that increased interest is displayed in the 
problem of hypokinesia, which is acquiring social significance. In this 
investigation, we used x-ray methods to examine the effect of 100-day hypo- 
kinesia on the size of the heart and its contractile function; we assessed 
the efficacy of complex physical conditioning, and we monitored the process 
of restoration of roentgenological characteristics of the heart. 


Methods 


We studied two groups of male volunteers 2i-22 years of age, who maintained 
strict bed rest for 100 days. The first group of subjects (N-ev, N-ov, K-v) 
performed only the most necessary movements, while the second group (L-ch, 
Yu-n, M-o) regularly pertormed a set of special exercises in supine position. 
On the 99th day, i.e., just prior to terminating bed rest, they took pharma- 
cologibal stimulants. The volume of the heart in systole and diastole, 

as well as stroke volume, were caiculated on teleroentgenokymograms [2-5]. 
We determined the cardiac coefficient as the ratio of heart volume to body 
weight. Myocardial contractility was assessed from the structure of the 
notches on the lateral outlines of the roentgenokymograms. Pilot x-rays 

of the chest and anterior teleroentgenokymograms of the heart were taken 
with the subjects standing. We tried to recreate identical conditions 

for all tests and background studies. 
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Changes in heart size and cardiac coefficient after 100-day hypokinesia 
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Note: Extreme values are given in the numerator and mean values in the 
denominator. Relative changes in comparison with base indices 
ire piven int parentheses. 
Results aiid D i UusS i 
On the first tew day ifter bed rest, all of the subjects complained of 
general weakness, increased fatigability, palpitations, pain in joints and 
muscles of the lower extremities and instability when walking. These dis- 
turbances were considerably more marked in the first group of subjects. The 
fable lists the results I ieterm ining heart volume and cardiac coefficient 
in both grou; Sudjects. i the first group, heart volume in systole 
ind diastol iecrea b i meat 24 and 26°, respectively, in the course 
f W-day hypokinesia ( & an > in Neev, 27 and 322% in Kev, by 31 and 
b. in Nev). timat stolic ejection blood revealed that this 
ndex was 3 | r thar he backgroun leve (the individual decline ranged 
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estimated decrease in stroxe volume). The changes in size and shape of the 
heart were associated with signs of change in myocardial contractility. The 
amplitude of lett ventricular notches was reduced to one-half to one-third 
ithe base value], while the number thereof more than doubled in each band of 
the roentgenokymogram. The significant reduction of notches against the back- 
ground of tachycardia could be indicative of diminished myocardial contrac- 
tility and force of cardiac contractions [2, 3, 6]. The rehabilitation 
period was guite iong. Heart volume in systole and diastole as an average 
otf 16 and 15. smaller, respectively, 1 month after hypokinesia. Stroke 
volume was 1U, decreased and the cardiac coefficient was 13% lower. In one 
subject, the dimensions ot the heart and myocardial contractility reverted 

to normal after 3 months and in two this occurred after 6 months. 


in the second group ot subjects (L-ch, Yuen, M-U0), the changes in heart 
volume on the last day ot hypokinesia were 2-2.5 times less marked than in 
the tirst group, stroke volume was almost 3 times less marked. There was 


faster recovery, and the parameters studied virtually reached base levels boy 
the end of the id month. Thus, the obtained data show that 100-day hypo- 
Kinesia induces significant hanges in roentgenoanatomical structure of the 
neart, with ibout . vec Treas if is voiume, as mpared to the base f igure. 
The reductior t heart volut is associated with decreased myocardial 
’ ractiil . 
’ ° 
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submitted 16 Jan 78] 


[English abstract from source 


[Text] Exposure to some physicochemical factors (ionizing radiation, alkylat- 
ing compounds, glucocorticoids) is associated with impairment of deoxyribo- 


nucleoprotein (DNP) of lymphatic and hemopoietic tissues, which is manifested 
’ 


, 
: 


by increased solubility of DNP in saline [1-4]. he soluble traction consists 


of polydeoxyribonucleotides (PDRN), the level of which rises starting in the 
] : : : . >» i : ? , 
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elevation of level of soluble PD is reiated to pyknosis and death of cells, 
there is graduai decrease in DNF content of tissues. 
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immediately after ianding no changes vere noted in DNP concentration in the 
,iver; however, <6 cays aiter termination of the experiment, there was 
moderate increase in concentration of DNP in the iiver of rats in both ex- 
perimental groups (see Figure 1). 


RNA content of the spleen of flight rats was reduced to one-third, as com 
pared to the control, 6-10 h and 26 days after landing. In the animals in 
the synchronous experiment, we cemonstratec a decrease in concentration 

inc total RNA content only at the first examination (Figure 2a). DNA con- 
centration in the spieen was moderateiy decreased immediately after landing, 
While total DNA content was decreased to almost one-half; there was partial 
restoration of DNA content 26 days aiter the flight, while DNA concentration 
did not differ trom that of control animals. No changes in DNA content of 
the liver were demonstrated in the synchronous experiment (Figure 2a). 


Concentration and amount of RNA in the thymus of the [flight group of rats 
’ , 


Were ciminished \yY immediateiy after landing; DNA oncentration Gic Mm 


: 7 ~~ ’ > " o ’ _ 
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was lower than trol ievels. In the synchronous experiment, nuclei 

ac ig ntent i tne thymus did not dilttier trom that f intact animais 

(Figure Jb). yO anges were demonstrated in nuciei acid itent of the 

Liver, with the exception {f an i rease in concentration of RNA in animals 
the tlignht ’ synchronous groups ® Gays atiter termination t tte 
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LONcCUrrentiy with eievalioi I rUNs ievei, there was a cecrease in concentra- 


Cicn I DN! ia VAA in the spleen Of Tiigne rats, whicn is indicative of 
removai Of part fr the ceiis with nign nucieocytop.iasa ratio, nmameiy, the 
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The data pertaining to DNA ntent, the levels of which may be considered 
as a biochemical indicator of cellularity of organs [11, 8], are indicative 
t significant damage to the spleen, and there was only partial recovery 
thereof within 26 days. Interestingly enough, the changes in amount of 
nucleic acids in the thymus and bone marrow were less overt than in the 
Spleen. No substantial impairment of DNP or nucleic acid content was 
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oduced concurrentiyv 


™ | 
iti Maa >" 


pnysiois “se <i 


f the organism in the recovery period (350 rats); in the 
determined the compensatory capabilities of the thermo- 
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in 2 experimental and control rats 
temperature of 40-42° and relative humidity of 
were placed in special box-cages that permitted record- 
To produce 15-day and 30-day hypokinesia, 
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feed, water and eiimination. The tempera- 
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i parameters. 
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process Was a mean of le min benind, and by the time their temperature was 
restored (40th min of aftereffect period), it was already 0.5-0.8°C below 
tne pase level in experimental animals. It may be assumed that the tempera- 


ture crop is the result of hypercompensatory reaction to heat in rats sub- 


mitted to hypodynamia. 


In the second series of studies, 
where the rats were left in the 

heat chamber until they died, 

rectal temperature concinued to rise. 
In the control, the maximum tempera- 
ture increment constituted 2.9°C and 
it was recorded on the average in 

the 65th min of exposure. The tem- 
perature held at the attained level 
(41.4-41.6°C) for a long time, and 
abruptly rose to 43.320.34°C only 20- 
30 min before death. 
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In all hypokinetic rats in the second 
series of studies, overheating in- 
duced a reliably less marked tempera- 
ture elevation (to 40.4-41.2°C); 
however, death of these animals oc- 
curred at about the same body tempera- 
ture as in control animals (43.1°C). 
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Analysis of the data on dynamics of 
cardiac activity (see Figure 1) indi- 
cates that acute overheating was 
associated with a decrease in heart 
rate. This somewhat unusualy reac- 
tion was apparently attributable to 
the relatively high base level of 
this parameter (452-478 beats/min) 

in view of immobilization of the 
animals. By the 40th min of exposure, 
. this parameter was restored to the 
base level only in control rats. 
About 15 min atter discontinuing 
heating, the heart rate of virtually 
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In the second series of studies, we failed to demonstrate substantial dif- 
ferences between control and experimental animals, with respect to dynamics 
of heart and respiration rate (see Figure 1). 


Survival time after overheating control animals constituted 16013 min, with 
100% mortality. At the same time, of the rats kept under hypokinetic condi- 

| tions and overheated on the lst, 3d and 7th days of readaptation, 54.5, 62.5 
and 83.3% expired at the following mean times: 217226, 29523 and 226746th 
min (P<0.05), respectively (Figure 2). In all cases, the experimental rats 
were more resistant to high temperature. 


Evaluation of animal resistance to 


. heat loads according to weight loss 
oA \\_ revealed that relative weight loss 
Very a... \. due to loss of fluid during overheat- 

7G We ihees ae : ing was more marked in all rats sub- 
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ES at GRR mitted to hypokinesia. Thus, while 
xi; a this index constituted 2.5% of base 
“contral >, ‘ a weight in control animals, it con- 
» BF 77 stituted 3% on the lst readaptation 
a5 sina clnananie nn csias ao OR 4 day, 3.6% on the 3d and 3.8% on the 
, alii Fen 7th day (P<0.05). 
Figure Y 
Survival of rats overheated on the Analysis of the EMG led to the con- 
lst, 3d and 7th days after 15-day clusion that overheating reduced 
hypokinesia electrical activity of muscles, in 


both the experiment and control. 
However, the ditterences from background levels were tound to be statisti- 
cally unreliable in both cases (with respect to quantitative expression). 


The results of the morphological studies are ot considerabie interest: In 
the myocardium of control rats we observed signs of reduction of level of 
biological oxidation processes (decreased glycongen content of cardiomyo- 
cyte sarcoplasm, decreased succinate dehydrogenase and NAD activity) and 

an increase in intensity of energy production due to glycolysis and oxida- 
tion of lipids and amino acids (increased activity of lactate dehydrogenase, 
‘-oxybutyrate and giutamate) atter overheating. When the animals were over- 
heated on the ist day after 15 days of hypokinesia, which had already ied 

ies | 

there was turther depression thereot, and it was more marked than in th 


ontrol (Figure I)e 


. ‘ , : S| 
decreased activit ol enzymatic processes involved in biological oxidation, 


The tindings were somewhat ditterent atter 30-day hypokinesia, when there 

were morphoilog! ntensification of myocardial function. Against 
this background, , ' nduced some normalization of structural mani- 
lestations i eLa j . ; ri] : rctate MnyocroRenase act ivit . remMa Lie 
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‘ypoxinesia than in control animals. By the 14th day of the recovery period 
presentec only aigher activity of monoamine oxidase in the myocardium, 


wnict rresponced to the demonstrated morphological signs of increased 
atecholamine secretion in the adrenal medulla. 








Figure 5. Decrease in succinate dehydrogenase activity in the rat 
myocardium after overheating (combined tissue block); 
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Varying degrees of morphological changes inherent in the “alarm stage"-- 
certral delipoidization, increased RNA content, increased activity of - 
oxybutyrate and dihydroorotate dehydrogenase--were observed on the 4th day 
after overheating in the adrenals of control rats and animals submitted to 
hypokinesia (Figure 4). 


The initial state of the adrenal cortex was not the same prior to heating 

in intact and hypokinetic animals. The latter presented an increase in 
relative weight of the gland, a wide fascicular zone with many lipids in 

the cells and change in enzymatic activity, indicative of the state inherent 
in the “resistance stage.” On the basis of the results of the morphological 
studies, it may be assumed that the reaction of the adrenals to overheating 
began with the “resistance stage” in animals submitted to hypokinesia. 


On the basis of the results obtained, it can be concluded that restriction 
of movements tor 15 and 30 days had a certain influence on the thermoregula- 
tory system o! aibino rats, as a result of which their resistance to extreme 
heat loads increased. 


ivpi 4iiy enough, overneating tne experimentai animais was associated with 
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more marked deviations of the studied parameters from the base level (severity 

ot dyspnea, tluid loss, change in cardiac activity, taster normalization of 

rectal temperature). Only body temperature increased more significantly 

during overheating in control rats than in animals submitted to hypokinesia. 

A. Ya. Tizul [13] established that torpitidy and hyporeactivity were the 

most common features of changes in thermoregulation in man during 120 days 

of hypokinesia. That this does not coincide with our findings can appa- 

rently be attributed both to differences in objects studied and methodolo- 
ar 


gical ditterences in assessing thermoregulation. 


In the case ol exposure to extremeiy hign temperatures, the organism finds 
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itseif immediateiyvy under diftticuit conditions and has no spare time to 


promptly trigger compensatory mechanisms, particularly on the level of tissu- 
iar processes that are apabie ft increasing resistance Co heat more 
etfectively. Obviously, under t se conditions, organisms whose functional 
state was altered in advance an rovided for higher resistance to hyper- 
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Furthermore, we must not fail to bear in mind that hypokinetic rats were 
exposed to hyperthermia against the background of ar already altered func- 
tional state o! the adrenals, corresponding as we have mentioned above to 
the second stage of the adaptation syndrome, the “stage of resistance” [17]. 
This could also be one of the causes of increased survival of experimental 
rats at high ambient temperature. 


lt is interesting to assess the increased resistance of rats to hyperthermia 
following hypokinesia from the point of view of L. Kh. Garkavi et al. [18] 
concerning nonspecific conditioning reactions and activation at different 
levels of reactivity. In their opinion, repeated exposure to stimuli could 
lead to deve! nt of a reaction characterized by increase in active 
resistance. 
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| if * day hy kites study on the Labyerrnthone behavecr of white rats 
| eel ’ mat ssoued ceftam bee ay wal hanges whine dev. loped 
llowever, signif am changes cocurted only during the first 6-7 days 
y ed but retarned ther trend It sc belewed that the beha* ral . 
ry ate with hitetion of the mervous processes Of hy ger «et bral 
rf the higher Nervous actrvels 


[Text] Restricted movement and lower level of muscular activity are signi- 
ticant factors that affect the body during a space flight. Prolonged 
inactivity of the skeletomuscular system induces development of the hypo- 
dynamia syndrome. The disturbances that appear extend to virtually all 
organs and systems, they create conditions for changes in metabolism and 
neurohumoral mechanisms of regulation of somatic and autonomic functions [1]. 


This problem is acquiring broad social significance with the development of 
industrial technology and mechanization, and this explains the systematic 
study thereof at the present time. However, there are few special studies 
of the effect of this factor on the central nervous system (CNS) and parti- 
cularly on higher ftlervous activity (HNA). Among the sources available to 
us, we found only the work of L. N. Khruleva on the effect of hypokinesia 
on HNA of animals [2]. Most studies on this subject were conducted on 
people who spent a long time in bed. Either a change in afferent impulsa- 
tion from the periphery or impairment of cerebral hemodynamics as a result 
of maintaining a horizontal position for a long time could have been the 
cause of the demonstrated disturbances in functional state of the CNS [3, 4]. 
Both me anism ire also involved in space flights. in ground-based experi- 
ments on animals, it was established that the role of the latter mechanism 
is minor, since keeping the animals in small boxes for a long time did not 
alter the hydrostatic column of blood. 


ble 








we submit here the res ts , $lucying HNA of albino rats curing 22-day 


nypo« ines ia. 


Me! rc cs 


We used male Wistar rats in this study. We assessed the state of HMA accord- 
ing to the animals’ ability to develop an algoritham of behavior in a maze 
with doors [5], as w ibility to use it in developing new habits in 
finding feed in t! uring the experiment, the animals were put in 
the maze three times. We recorded the number of times they refused to go 
through the maze, ¢ im | number of mistakes made in crossing through it, 
as well as number ot irot signs characterized by inadequate behavior 
f the animals during the experi@ent (persistent unwillingness to go through 
a coor openec tor ti ° In analyzing the data, we also took into considera- 
ti the dynamics of ¢ takes Guring the test. Monotonous cecrease in 
Number Of Mista if . t run was considered optimum dynamics. Any devi- 
ati [rom thes ; evaluated as a disturbance characterizing 
Sepietion of ttn tem. we estimated the percentage of these 
seviations, a8 w ber thereof, as compared to the preceding run. 
in one of the exper , the number of runs into the gaze was increased 
to 16, while tlhe im e-time food reintorcements wi. reduced 
} orcingiyv, rn \C BAL IACLION. 
Sctore the exper : imais were trained to tine the teed compartment 
in the max wit t shut doors. The animals could pass into the 
next lane | Dus r with their forehead. Alter they learned to 
go this, the a nai ided into two homogeneous groups, according 
to time required leed mpartment (12 rats in each group). The 
first gr r f 4 ept boxes for 22 days and the second group (> per 
ive) ji t tie NA experiments were repeated on the day after 
(he 2ninm the boxes to their usual surroundings. Work 
eva wit I reviousiy acquirtec Sri l in going through the 
maze wit t t ightiy shut. After the animals began 
t reach the tf sithin no more than 40 s, some of the doors 
wer me , essiveiy developed thres« skills tor finding 
‘ i ¢ rs using a previously describec method [5]. 
De On m the d=-6th dyas atter taxing thre 
inimale ; , | ve 12th and the third on the 
iv. ' reas functional load was conducted 
pt Sins I is riterTia : 
- ‘ juantitat e a AL .tative 
t » u t riter tucent. 
’ rera ‘ tree itl Sei; 








app4arent.y mot related to the fact that 3 of the 12 experimental animals 
Were ic less than satisfactory condition (alopecia, lameness, list lessness) 
immeciateiy atter removal trom the boxes, since there was no correlation 
between siower passage through the maze and the animals’ condition. 


When developing the first skiil in the maze with locked doors, for the 
first 3 days the first group of enimals presented reliably (P<0.05) more 
refusals to go through the maze than the second group (Figure 1). There 
was appreciable worsening of orientation in the new situation in the first 
group of rats. they went through the maze with locked doors saking a 
greater (P \.02) ocumber of mistakes (Figure 2) and spent sore time on this 
(P0.05) than the animals in the second group. In other respects, the 
indices of development of the first skill coincided in the two groups of 
animals. ‘Starting on the Jd day of development of the first skill, the 
first group of animals mace reliably ‘fewer mistakes than the second group 
(see Figure .). 


in the experiment with an increased func- 
tional load, there were no reliable dif- 
i: ferences in indices of compared groups. 


, During development of the next two skills, 
virtually all of the animals worked 

without refusals, although the first group 
had a tendency toward deterioration of 
several indices, which was the most distinct 
in developing the third skiil. 


These data indicate that the first group 
of animals present reliable behavioral 





Figure i. disturbances in the maze only for the first 

Mean refusals (7) to go through 6-7 davs. The rest of the time they were 
maze with locked doors. Here Statistically unreliable. However, the 
and in Figure 2: distinctly same direction of such changes 

1) hypokinesia in virtually all indices merits attention 

-) control and special analysis. 

Keaxis, experiment No; y-axis 

percentage of refusals The above disturbances were unrelated to a 


change in alimentary excitability of the 
animals, since they consumed the feed offered them in the vivarium entirely 
and never refused additional feed in the maze throughout the study. 


Some of the disturbances (difficulty in going through the maze with unlocked 
doors and increased number of refusals in development of the first skill) 
could be due to muscular weakness, which develops with hypokinesia [3]. We 


submitted this circumstance to mprehensive analysis in a study of the 
effects on rat HMA of space flight cond ons aboard the Cosmos-690 bio- 
satellite for an analogous period of time. We falied to demonstrate any 
orrelation whatsoever between changes in maze indices and electric activity 


f ktremital muscies. It may be assumed that, in this case too, the 


fy() 

















Figure 2. 
Mean number of mistakes made by rats 
during development of first (a), 
second (b) and third (c) skills in 
going through maze with locked doors. 
K-axis, experiment No; y-axis, number 
of mistakes. Arrows point to ist day 
of development of each skill. 


disturbances in the suscular system 
were not predominant in behavioral 
changes. This is also indicated by 
the fact that the first group of 
animals made reliably more wrong 
movements in the first run through 
the gaze with locked doors than 
control rats, and this could hardly 
be possible if there were consider- 
able muscular weakness. 


The volume of muscular work was 5 
times greater in the experiment with 
an increased functional load. Never- 
theless, the first group of animais 
even behaved better in the maze than 
controls, which also indicates that 
the changes in ihe muscular system 
were unimportznat to organization of 
the animals’ pehavior in the maze. 


We believe that the changes we have 
described in the animals’ behavior 

are attributable mainly to a change 

in functional state of the CNS 

related chiefly to sensory depriva- 
tion of the organism under hypokinetic 
conditions. The flow of information 


trom different receptors (first of all, muscular ones) may be excessive 
at the first stage of tne readaptation period for the CNS that has been 


thus 


weakened, and tuis flow could induce protective, extraliminal inhibi- 


tion, as a result of which the number of refusals would increase. 


Our data disagree somewhat with the results obtained by L. N. Khruleva in 


a study of rat HNA [2]}. 


impairment of motor and alimentary conditioned reflexes aiter 
found in 
although they were observed for 22 days. 
following causes: difference in duration of 
conditions when keeping the animais 


restricted movement. The changes we 
reliable only for 6-/ days, 
inconsistency may be due to tiv 
hypokinesia, differences in hygienic 


She reports that there is severe and prolonged 


1) days of 
HNA were significant and 
This 


in the small boxes and, mainly, difference in sensitivity of methods used 
to evaluate HNA. It is known that, under ths 
there is considerably more impairment 
maze skills [7]. 


inftivence of the same tactors, 
conditioned reflex activity than 
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tor 3U cays; in the second 


nth in hypokinetic cages; the 


f cage, were placed in the exposure 


same concentration of carbon monoxide; 


‘r, through which we passed room air, 


n the 10th, 20th and 30th days of 


and cxygen uptake accoridng to KN. I 
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iText Oxidability of drinking water, which is a criterion of quantitative 
levels of organic impurities in it, is one of the important indices of water 
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juaiity. In the practice of testing iter tor pollution by organic 
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Table 1. Mean total number of microorganisms discharged by subjects in 
10 min at different stages of the study (M*tm) 
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Suit Ind Before} opti- ced optimum | After 
ject ex stud mum | temp. & : 
y areal humidity | habitat study 
(ist- (6th-20th | (2lst-30th 
days) days) 
th day 
mespiration so~12| 1s=42] — 300=48 320>24 
N-in Articulation L £105, 230= 30 37070 4702115 15=25 
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Respiration 24=6 | 92=26) 280232 | 250=56 8=6 
P-ov Articulatira )* y= 35 | 280= 110) 250= 35 29075 120= 50 
- Respiration 20=8 i 228 | 22062 =H 14= 
Kli-in Articulation 75= 20 | 205= 25 42095 {= W 100= 35 
Total microbes per m? | 
air in sealec chamber 350 |5400= 900; 19 100=2 100 | 68 500=31 94 





The dynamics of microbial contamination of the air in the chamber developed 
in complete conformity with changes in intensity of discharge of microorgan- 
isms from the upper respiratory tract in study No 1 (see Table 1). 


Thus, for the first 3 days of the study, microorganism content of the air 
environment in the chamber increased by 15 times; it increased by 55 times 
when temperature and humidity were raised and by 195 times at the end of the 
study, as compared to the base period. 


Table 2 lists the results obtained in study No 2. As can be seen from these 
data, there was appreciable increase in migration of microorganisms from the 
upper respiratory tract during the subjects’ stay in the sealed chamber, 

as was the case in study No 1; this pattern was particularly demonstrable 

in our study of processes of discharge of microorganisms during articulation. 
There were up to 2500 microorganisms discharged from the upper respiratory 
tract in 10 min when reading a standard text aloud. 


The intensity of emission of microorganisms from the integument also in- 
creased at different stages of the study. One of these stages was charac- 
terized by restricting use of personal hygiene by the subjects; the sec ‘ond 
coincided with lowering the air temperature in the chamber to 16°C and 
increasing relative humidity to 75-80%. 


The results of examining the microflora of the air in the sealed chamber in 
study No 2 (see Table 2) indicate that maximum microbial contamination of the 


envirorm:nt was demonstrable during the period of restriction of personal 
hygiene mecsures. 
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As can be seen from the data listed in 
Tables 1 and 2, exit from the sealed 
chamber upon termination of the studies 
Was associated with a decrease in in- 
tensity of discharge of microorganisms 
from the upper respiratory tract and 
integument te the base level. 


Thus, these studies revealed that the 
amount of microorganisms discharged into 
the environment from human integument 
increases substantially when people are 
confined to a closed area. While a mean 
of 1928 microorganisms are discharged 
under ordinary living conditions from 
the upper respiratory tract of man 

when breathingcalmly for 10 min, 113*47 
are discharged during articulation for 
the same period of time and 24312150 
microorganisms per 25 cm* skin in 5 h, 
the figures obtained when people are 
confined to a sealed area are 230765, 
4152106 and 7282309, respectively. When 
living conditions in the sealed area 

are more strenuous (elevation of tempera- 
ture and ambient humidity, restricted 
personal hygiene), there is an even more 
marked increase in intensity of dis- 
charge of microorganisms. Evidently, 
the increase in microbial contamination 
of the upper respiratory tract and 
integument of people confined in a 
sealed area and cabin of functional 
spacecraft, reported in several studies 
(9, 10], is one of the causes of this 
finding. 


The results of our studies revealed that 
there was usually a 15-30-fold increase 


in number of microorganisms in the nose, 
mouth and throat of subjects during 
their stay in the sealed chamber. Thus, 
in subject Kl-in (study No 1), total 
number of microorganisms betore th 
Study constituted 3*10° per sponge in 
the nose, 6*10'/5 mi washings from the 
mouth and throat, versus 1*i0" and 


9 : :, 
1.6*10 * respectively, y the end ] 


the study. There was aiso significant 








microbial contamination of the integument (50-100-fold), which reached 
5x107-1«10° microorganisms per 25 cm* dorsal skin surface toward the end 
of tie study. 


On che basis of the above data, it can be concluded that the first stage 

of the mechanism of transmission of microorganisms, discharge from the 

body, is made easier when people are confined to a sealed area and as a 
result of the effects of some factors inherent in space flights (restricted 
use of personal hygiene measures). The quantitative indices submitted here, 
which characterize the intensity of discharge of microorganisms from the 
human integument, may be used in designing systems for purifying the atmos- 
phere of manned spacecraft. 
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[English abstract from source] 


Electron microscopy of the liver of dogs exposed to chronic 6-year gamma.-irradiation 
irom the Co” source demonstrated early changes in the hepatocyte structure at a relatively 
luw dosage of 63 rad for 3 years. A comparative study of the submicroscopic reaction of 


hepatocytes of 3 groups of test dogs showed equally pronounced — in the endoplas- 
matic reticulum vacuolar transiormation balloon dystrophy. e heterogeneity of 
ultrastructural changes of different hepatocytes was probably associated with a simulta- 
neous development of processes of injury, reparation and adaptation of intracellular 
structures during the long-term gamma-irradiation exposure. Parallel development of these 
processes assured reparative biosynthesis to maintain the normal hepatic function 


[Text] Light-optical studies of the dynamics of morphological changes in 
the dog liver with continuous exposure to low doses of gamma radiation, 
which simulated in magnitude and dose rate the probable radiation exposure 
in cabins of spacecraft, revealed development of dystrophic changes in the 
liver after 4 years, with accretion of a cumulative dose of 500 rad chronic 
radiation [1]. The radiation effect was more marked in the case of a com- 
bination of chronic and acute irradiation [2]. 


Our objective here was to investigate the main processes of impairment and 
recovery of hepatocytes of the same dogs on the submicroscopic level. The 
desirability of such a study is also related to determination of the minimum 
dose rate of chronic gamma radiation inducing ultrastructural changes in 


hepatocytes. 
Material and Methods 


Electron microscopic studies were conducted on 3 groups of dogs (6 animals 
in each group) exposed to ®°Co gamma radiation for 6 years in doses of 
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21 (ist group), 62.5 (2d group) and 125 rad (3d group) per year. Five dogs 
served as a control. The material was prepared according to Millonig, and 
a Japanese JEM-100B microscope was used to examine it. 





Figure 1. Intranuclear “crystalloid” type inclusions 


a) control, magnification 12,000” 
b) 6 years after chronic irradiation (deformation of nucleus by cytoplasmic 
vacuole), magnification 12,000» 


Results and Discussion 


A study of hepatocytes of control dogs over a 6-year observation period 
failed to demonstrate appreciable changes in ultrastructural organization. 

We almost always encountered isolated hepatocytes with markedly dilated 
ergastoplasm filled with fine granular substance. The presence of such 
“guard” cells in a state of hyperfunction was probably due to the functional 
heterogenetiy of different hepatocytes [3]. There was an increase in number 
of diverse inclusions in the cytoplasm. In some nuclei, we found osmiophilic 
elements in the form of crystals (Figure la). Some authors related formation 
of such inclusions to processes of cell aging [4]. 
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Submicroscopic examination of the liver of experimental dogs, as compared 
to light optical examination, enabled us to demonstrate changes in hepato- 
cyte structure with lower dose levels of chronic gamma radiation. The 
earliest changes were demonstrated after 3 years in the lst group. The 
changes in the hepatocytes were essentially of the same type in all experi- 
mental dogs. 


When we analyzed the intracellular structures, we were impressed by the 
reaction of the system of the endoplasmic reticulum, which was manifested by 
varying degrees of dilatation and vacuolar transformation (Figure 2a). As 

a rule, vacuolization began in the central region and gradually extended 

to the periphery of the cell. Occasionally, the vacuoles occupied virtually 
the entire cell, totally impairing its cytoarchitectonics and deforming the 
nucleus (Figure 1b). 





Development of so-called ballooning dystrophy, which began on the periphery 
of the cells and gradually extended to the middle, was observed with another 
form of hepatocyte lesion (Figure 26). This process was expressed by 
attenuation of electron density (clearing) of cytoplasm, reduction of 
cytogranules of glycogen, degradation and dissociation of endoplasmic 
reticulum membranes. The membranes of the smooth endoplasmic reticulum 
broke down into fine blebs and fragments, which formed aggregations in 

the form of “stacks" occupying different sized areas. Concurrently with 
degranulation of the reticulum, in the cytoplasm there was an increase in 
amount of free ribosomes and polyribosomes. As a rule, next to clear, 
altered hepatocytes there were virtually always hepatocytes with dark cyto- 
plasm, sometimes containing 2-3 nuclei. In such hepatocytes there was marked 
hyperplasia of granular reticulum, mainly around the mitochondria, as well 
as in the perinuclear regions (Figure 26). Such a structural change could 
probably signifiy a constant change from intracellular protein synthesis 

of the extracellular type (with degranulation of the endoplasmic reticulum, 
increase in free ribosomes and polysomes) to intracellular synthesis during 
the period of repair of lesions. Conversely, hyperplasia of granular endo- 
plasmic reticulum in optically dense (dark) cells was indicative of a change 
from protein synthesis of the intracellular type to the "export" type [5, 6]. 


Thus, in the course of 6 years of continuous exposure to gamma radiation, the 
ergastoplasmic membranes presented greater lability of processes of reorganiza- 
tion in all three groups of experimental animals. The complicated changes 

in this membrane system, manifested differently in different hepatocytes, 

were apparently an ultrastructura: expression of competition between difter- 
ent types of cellular biosynthesis, depending on the stage of damage or 

repair of cells. 


The reaction of the mitochondrial system of hepatocytes was essentially 
stereotypical with different dose levels of chronic gamma radiation, and it 
was characterized by consolidation of the mitochondrial matrix with marked 
reduction of cristae, which was indicative of depressed mitochondrial energy 
and decline of overall level of redox phosphorylation [7, 8]. Territorial 
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redistribution of mitochondria was observed, depending on the degree of 
development of intracellular edema; the mitochondria were pushed away by 
dilated cisterns of endoplasmic reticulum to intact parts of the cytoplasm. 
There was a decrease in number of mitochondria in clear hepatocytes, whereas 
it increased by more than 10 times per unit surface in adjacent, more 


electron dense ones (Figure 3a). 





Figure 2. Reaction of endoplasmic reticulum 


‘) vacuolar transformation, magnification 14,000” 
“) hyperplasia of granular reticulum, magnification 20,000x 
‘) “balloon” dystrophy, magnification 10,000~ 


In the biliary parts of hepatocytes, as well as at sites of hydropic lesion 
to the cytoplasm, there was activation of the lysosomal system with accumula- 
tion in it of fragments of organelles and pigmented inclusions of the lLipo- 
fuscin granule type (Figure 3°). Such autophagosomes--"cytolysosomes" 
(varying in degree of maturity)--were a typical finding in hepatocytes of 
dogs exposed to radiation for a long time. On the basis of cutrent con- 
ceptions of lipofuscin as a metabolic product of unsaturated fats, many 
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authors interpret accumulation thereof in cells as an indicator of impair- 
ment of normal course of fat metabolism in the liver [9, 10]. 


Many pigment granules, myeiinoid figures and lipid inclusions (see Figure 26; 
36, #) appeared in all experimental dogs, mainly at the late experimental 
stages (5-6 years). The inclusions varied in shape, and this was probably 
consistent with differences in their chemical composition [11]. 


The structural changes in hepatocyte nuclei were mainly secondary in nature 
and related to changes in the cytoplasm. Most often, there was a change in 
its outlines, as a result of compression of endoplasmic reticulum by the 
dilated vacuoles. In some nuclei of experimental animals, we find the same 
“crystalloid” inclusions as in control dogs after exposure to radiation for 
5-6 years (see Figure lb). 


At the late experimental stages, regardless of dosage of gamma rdiation, 
all dogs presented signs of cholestasis in the form of dilatation of biliary 
capillaries, with signs of edema and partial reduction of microvilli (see 
Figure 3¢), as well as constriction of Disse's spaces. 


The Kupffer cells reacted somewhat differently. Activation thereof, related 
to increased phagocytic function, was manifested by enlargement of these 
cells, appearance of many cytoplasmic processes and intracellular phago- 
cytized particles (Figure 32). 


Thus, elect ‘on microscopic studies of the liver of dogs exposed to long- 
term external gamma radiation revealed early changes in hepatocyte structure 
after delivery of a relatively low ievel of doses constituting 63 rads/year. 
Analysis of submicroscopic reactions of hepatocytes over a 6-year period 
revealed that, in the case of cotninuous irradiation, processes of adapta- 
tion, damage and repair of ultrastructures may take place simuitaneously 

and this, of course, makes it difficult to pinpoint the stages of damage 
and recovery. Such a contingency of processes could have determined 

the apparent heterogeneity of the ultrastructural reaction, which was mani- 
fested by varying degrees of destruction of intracellular organeiles in 

some hepatocytes and compensatory hyperplasia thereof in others. 


The results of this investigation enable us t issess the nature of metabolic 
disturbances in the liver ot dogs exposed to long-term radiation. it may be 
assumed that processes of oxidative phosphorylation were the tirst to be 
depressed, as a result of which there was a change in state of membranes of 
the endoplasmic reticulum, impaired utilization of glycogen, distorted pro- 
tein synthesis and increased glvycogenolysis. This obtained electron micro- 


scopic confirmation by formation of extensive areas o' 4granular profiles of 
endoplasmic reticulum, which appeared in areas where giycogen disappeared. 
There was only secondary imp/ii.rment o! lipid metabolism (lipid inclusions 
in hepatocyte cytoplasm). the vaiidity of ir hypothesis is contirmed by 
assessment of carbohydrate-energy, protein and lipid metabolism in the 


same dogs [12)j. At the same time, the results of this investigation revealed 











Figure 3. State of hepatocytes in dogs of the 3d group after 5 years 
of chronic exposure to gamma radiation 


‘) light and dark hepatocytes, 12,000* 
*) lipofuscin granules, 20,000» 
) myelinoid figure in bile capillary lumen, 20,000» 
) Kupffer cell with phagocytized particles in cytoplasm, 10,000* 


that the observed compensatory and adaptive reorganization of intracellular 
structures in the course of long-term exposure to gamma radiation made 
possible repair biosynthesis in damaged hepatocytes and was very important 
to intracellular hyperplastic processes for preservation of proper function 


ff hepatic tissue as a whole. 











BIBLIOGRAPHY 


Yakovleva, V. I. in “Somaticheskiye effekty khronicheskogo oblucheniya"™ 
[Somatic Effects of Chronic Irradiation], Moscow, 1972, p 157. 


Savina, Ye. A.; Podymov, V. K.; Plakhuta-Plakutina, G. I.; et al. 
KOSMICHESKAYA BIOL. [Space Biology], No 1, 1973, p 29. 


Mitin, K. S.; Loginov, A. S.; and Damyanov, B. D. in “Uspekhi 
gepatologii” [Advances in Hepatology], Riga, Vyp 3, 1971, p 5. 


Rudenskaya, M. V. ARKH. PAT. [Archives of Pathology], No 7, 1968, p 41. 
Tokin, I. B. “Problems of Radiation Cytology,” Leningrad, 1974, p 53. 


Ashley, C. A., and Peters, T. Jr. J. CELL BIOL., Vol 43, No2, Pt l, 
1969, p 237. 


Bakeyeva, L. Ye., and Yasaytis, A. A. in “Vsesoyuznaya konf. po 
elektronnoy mikroskopii. 9-ya. Materialy" [Proceedings of 9th All-Union 
Conference on Electron Microscopy], Moscow, 1973, p 383. 

Beketova, T. P. Ibid, p 385. 

Yetyrska, M. ARKH. PAT., No 10, 1972, p 56. 

Zolotarevskiy, V. B. Ibid, No 1, 1968, p 21. 

Glyuger, A. F.; Bezprozvannyye, B. K.; Klembovskiy, A.I.; et al. 

"Fine Structure of the Liver in the Presence of Some Pathological 


Processes. An Electron Microscopic Atlas," Riga, 1964, p 17. 


Alers, I.; Alersova, Ye.; Malatova, Zh.; et al. in “Somaticheskiye 
effekty khronicheskogo oblucheniya,” Moscow, 1972, p 121. 


99 








UDC: 613.268:655.323.4:629.78 


RUSH NUTS (CYPERUS ESCULENTUS) AS 4 SOURCE OF VEGETABLE OIL IN A CLOSED 
LIFE SUPPORT SYSTEM 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 5, 
1979 pp 70-74 


[Article by M. P. Shilenko, G. S. Kalacheva, G. M. Lisovskiy and I. N. 
Trubachev, submitted 28 Jun 77] 


{English abstract from source] 


The cultrvation schemes, productivity, total biochermical, liprd in particular, composi- 
tion of nodules of chufa (Cyperus esculentus) were studied, using a phytotron. Upon 
continuous Mlumination chula yielded a high total productivity and a satisiactory coctli- 
cient of economic effectiveness (not less than 50%). Chufa nodules have an optimal ratio 
of protems, carbohydrates and fats containing essential fatty acids. To meet man’s requi- 
rements for vegetable oils and ecesential fatty acids, it os necessary to produce daily 
1.200 g dry chula nodules which are quite acceptable as a dietary ingredient 


[Text] Higher plants can play the part of reclaimers of oxygen, water and 
food in a human life support system. The most specific function of higher 
plants, which cannot presently be replaced by physicochemical processes, is 
the biosynthesis of a wide spectrum of foodstuffs required by man. For 
this very reascn, when selecting higher plants for closed life support 
systems, the criterion of satisfying the nutritional needs of man should 
be advanced to first place. Actual satisfaction of man's requirements 
referable to all foodstuffs is possible only by developing a multicomponent 
unit of higher plants for closed systems. 


Oil-producing plants were not used in previous studies involving the use 

of higher plants. For this reason, still open is the question of furnishing 
vegetable oils to man, in particular essential fatty acids. In selecting 
plants to be included in the higher plant unit, we considered sunflowers, 
flax, soya, peanuts, rush nuts and others. 


Data in thy literature [1-3] and our own experience in growing oil-producing 


plants revealed that sunflowers, flax and mustard, which are widespread under 
field conlitions, have a rather low yield of edible portion in view of the 
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large share of stems, roots and leaves in the harvest, as well as due to 
minimal or no use of cakes that are left after extracting oil from seeds. 
We consider soybeans and peanuts unsuitable for use in a closed system 

by virtue of their specific developmental features (short day requirement, 
fertilization and development cf ovaries of peanuts). According to the 
results of the studies, the rush nut (Cyperus esculentus), a plant of the 
Cyperaceae family, is rather promising. Rush nuts multiply vegetatively, 
forming many edible tubers, 15-20 am in length and 5-10 mm in thickness, 
on the roots. The oil they contain is similar in quality to olive and 


peanut oil. The tubers contain 20-252 (dry mass) oil, up to 60% carbohydrates 
and about 82 protein. 





Methods 


Experiments involving cultivation of rush nuts under artificial light were 
conducted in phytotrons of the experimental Bios-3 system [4] in order to 
determine the productivity of the plants and coefficient of economic 
usefulness of biomass, reaction of plants to continuous exposure to light, 
optimum density of plants, optimum harvesting time, overall biochemical 
composition and lipid composition as related to cultivation conditions. 


We raised the rush nuts hydroponically on a 10-l2-cm layer of claydite 
submerging them in Knopp nutrient medium after 6 h. They were exposed 

to light from DKsTV-6000 Lamps around the clock, with intensity of illumina- 
tion of 200-230 W/m PAR (photosynthetic active radiation). Air temperature 
was 23-25°C and humidity 80-852. 


We kept a record of the harvest in two replicas of cultivation, with 70-30 
plants in each (depending on the area of nutrition thereof). 


In the biochemical analyses, we calculated the crude protein content by 
Bultiplying total nitrogen (according to Kjeldahl) by a coefficient of 6.25. 
Carhohydrate analysis was made by the anthrone method; carbohydrate fractions 
were determined according to Belozerskiy and Proskuryakov [5]. O11 was ex- 
tracted with a mixture of alcohol and ether (3:1 by volume) and assayed by 
weighing. Fatty acids were isolated after saponification, using acidulated 


Rethanol for methylation. Methy! ethers of fatty acids were recorded on a 
chromatograph. Recording conditions: 2.4 m column length, 6 mm diameter, 
20% polyethylene giycc! adipate on zeolite as filler, 50 mt/min velocity 


of carrier gas and 180°C temperature. An ftonization-flame detector was used. 
Results and Discussion 


Rush nuts planted using presprouted tubers develops slowly for the first 10- 


15 days, then begins to form bushes rapidly with many narrow, almost 
vertically directed leaves that make good use of intensive light. Most of 
the tubers begin to form at the age of 45-50 days, but they ripen later, 
in 60-70 days. This is associated with formation of new runners and new 


tubers. 


10] 





Table 1. Rush nut harvest as related to area of plant nutrition and duration 
of vegetative period 
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The yield of rush nuts and productivity (per day) in experiments involving 
different duration of vegetation and different density of plants are shcwn 
in Table 1. As can be seen in Table 1, the best results were obtained 

with a nutrition area of 10*10 cm. Enlargement of the feeding area led to 
some reduction of harvest. The harvest of rush nuts accumulated intensively 
for 3 months and had not stopped building up by the 90th vegetation day, 
since harvesting at this age revealed that in the overall yield of edible 
product there were up to 8.6% young immature tubers. However, extension of 
vegetation to 120 days ied to a relative decrease in productivity. In 90 
days of vegetation, in the variant with a feeding area of 10*10 cm, the mean 
coefficient of useful effect of photosynthesis of rush nuts constituted 4.87% 
of incident photosynthetically active radiation, and more than half this 
figure (2.9%) was referable to the economically useful part. 


The experiments revealed that rush nuts are as good as wheat in economic 
productivity. Thus, mean productivity of wheat raised in the same devices 
with illumination of 145 W/m’ PAR constituted 50.5 g/m per day (in dry 
form) including 17.7 g/m’ edible biomass, whereas the figures for rush nuts 
exposed to light of 231 W/m’ PAR were 50.6 and 27.6 g/m’, respectively. 


The overall biochemical composition of rush nut tubers (without lipids) is 
listed in Table 2. Crude protein constituted 6-82, and it was virtually 
unrelated to density of planting and time of harvesting. Amino acid analysis 
revealed that the proteins of rush nuts are characterized by a low level 

of essential (with the exception of lysine) amino acids, which diminishes 
their nutritional value. The predominant amino acids are arginine (51% of 
total content), aspartic and glutamic acids (72% each) and lysine (62). When 
scaled to protein, there is about twice as much lysine in rush nuts as in 
wheat. Carbohydrates (without cellulose) constituted 55-61% dry tuber mass. 
In ripe tubers there was prevalence of polysaccharides of the starch type 
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(40-49%), and water-soluble sugars constituted 7-152. 


In immature tubers 


the sugar content was considerably higher (referable to starch). 


Table 2. Biochemical composition of rush nut tubers ‘% dry 


substance) 























Water=-'| | Total 
Vegetation vaant ky soluble hemi-! carbo- 
time, da eeding protein cellu-; cellu- by¢ka., 
, ys area, sugars istarch lose 1 | t 
— | °8€ tellulose) 
' 
70 jO~ 10 7.5 | 25.1 m0 CC 3.2 6.0 56.3 
72 is> | 6.9 AL? 2 | 47 | 5&7 61,1 
72 Sis | 69 41 00 | 39 58 58.4 
a orn | 63 | 33 27.9 | 3.7 5.1 63.9 
a 1» 10 75 4.7 45 | IA 4.6 57.0 
w) Oxi | 63 | 75 68 | 38 | 55 57.1 
* 0-15 7.5 j 12.3 j 44.4 4.) 58 7 
») 5* 15 ai | 79 | 486 | 4) | 58 | WS 
Pal 10« 10 | 69 | 90 | WS 65 | 40 ' 55.0 


— 





*Green [unripe] tubers. 
**0nly ripe tubers. 









































Table 3. Rush nut lipids and fatty acid composition thereof 
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*Green tubers. 
**Only ripe tubers. 
Also noteworthy is the fact that rush nut tubers contain 6.2 ume vitamin B;, 
(versus }./7-6.1 in wheat grain) and 5.7 wve/e vitamin B» (0.6 35./ in wheat 
grain). 
Total lipid content fcush mut tubers constituted 19, i- iry substance 
p 
(Table 3), with the exception of unripe ones, in which or vas referable 
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to lipids. The acids of rush nuts cre represented chiefly by the saponi- 
tiable fraction, which constitutes over 80% in ripe tubers (see Tabie 3). 
This traction contains three unsaturated and two saturated fatty acids. 
Oleic acid is the prevalent unsaturated acid, constituting 69-71% of total 
fatty acids. Linoleic acid, which is essential, constitutes 10%. The 
relative palmitolic acid content does not exceed 0.5%. Saturated fatty 
acids are represented by palmitic (14-17%) and stearic (3.5%) acids. 


The fatty acid compositior of young tubers is charactrized by higher 
relative linoleic and palmitic acid content than in ripe ones, while the 
share of oleic and stearic acids is lower (see Table 3). 
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The Figure illustrates levels of different fatty aciis as a function of 
feeding area and degree of maturation; the resuits are given after scaling 
to absolute dry mass. Analysis of these data shows that the fatty acid 
content is affected mainly by the degree of tuber maturity, rather than 
planting density. The figure also shows that essential linoleic acid con- 
stitutes 3.0-3.3% in dry tubers. Consequently, 150-200 g rush nuts can 
furnish the complete daily human requirement of essential fatty acids and 
vegetable oil. 


The results of the study of Yu. N. Okladnikov et al. [6], who included up 
to 130 g rush nuts (in flour used to bake bread and cakes [or cookes], in 
soup and dairy products) in the daily diet of people, demonstrated the 
acceptability of this foodstuff. 


The high productivity of rush nuts when exposed continuously to light, the 

large share of edible substance in the harvest (50-60%), high vegetable oil 
content (along with proteins and carbohydrates) with essential fatty acids 

and satisfactory nutritional qualities warrant recommending this plant for 

inclusion in the higher plant unit, along with others (wheat, vegetables), 

and for testing in experimental closed life support systems for man. 


104 











BIBLIOGRAPHY 


l, Kondrat'yev, R. B.; Trubachev, I. N.; and Kalacheva, G. S. “Inform. 
byull. Koordinats. region. soveta po fiziologii i biokhimii rasteniy 
v zone Sibir'--Dal'niy Vostok AN SSSR" [Information Bulletin of the 
Regional Coordinating Council for Physiology and Biochemistry of 
Plants in the Region of Siberia and the Far East, USSR Academy of 
Sciences], No 10, 1972, p 109. 


2. Milov, M. A., and Balakireva, K. A. in “Problemy sozdaniya 
biologotekhnicheskikh sistem zhizneobespecheniya cheloveka" [Problems 
of Developing Bioengineering Life Support Systems for Man], Novosibirsk, 
1975, pp 13-19. 





3. Minkevich, I. A., and Borkovskiy, V. Ye. "0O*1-Producing Cultivars," 
Moscow, 2d edition, 1952. 


4. Gitel'zon, I. I.; Kovrov, B. G.; Lisovskiy, G. M.; et al. “Problems 
of Space Biology,” Moscow, Vol 28, 1975. 


5. Belozerskiy, A. N., and Proskuryakov, N. 1. "Practical Handbook on 
Biochemistry of Plants," Moscow, 1951. 


6. Okladnikov, Yu. N.; Vorkel', Ya. B.; Trubachev, I. N.; et al. VOPR. 
PITANIYA |Problems of Nutrition], No 3, 1977, pp 45-48. 

















METHODS 


UDC: 629.78:614.876-07 


A METHOD OF DEFINING THE OPTIMUM LEVEL OF IONIZING RADIATION FROM DETERMINATE 
SOURCES DURING SPACE FLIGHTS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 5, 
1979 pp 74-76 


[Article by A. V. Kolomenskiy and V. A. Sakovich, submitted 4 May 77] 


[Text] The random nature of solar bursts, which are associated with fluxes 
of corpuscular radiations and, accordingly, the differences in expected 
radiation dose during space flights make it desirable to consider the 
probability of a certain adverse effect in man, which we shall refer to 
hereafter as risk, as a possible criterion of radiation safety [1, 2]. At 
the same time, in order to plan protection against radiations present in 

a prespecified time mode (we shall call these sources determinate), we must 
define the permissible dose, Dg (or dose rate) of such determinate radiations 
over the entire flight. 


We describe here a method of determining this dose on the assumption that 
radiation protection on a spacecraft consists of two elements: protection 
against probable and determinate sources, The criterion of radiation 
safety in the form of maximum risk R<¢Ro is obtained with a minimum weight 
of such protection: Pp [subscript p refers to probable] + Pg [subscript d 
refers to determinatej] * min. It is also possible to extend this method to 
a large number of sources, each with its own protection, unrelated to other 
sources. 


Galactic cosmic radiation, the radiation belts of earth and onboard nuclear 
installations are determinate sources. The probabilistic nature of radiation 
may be due not only to solar bursts, but difference in time spent in 

fields of radiation from determinate sources, 


If the probability of an adverse effect F(D) as a function of dosage and 
probability of exceeding specified dose n(D) are known, the risk would be: 
° aF * d 
R= |) nid) aD = — | FD) Han. a, 
0 0 
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For the assumptions made as to composition of protection, condition of 
optimum thereof has the following appearance: 


aR dR an 
“Pg ~ aPp ° 


In the presence of both probabilistic and determinate sources: 


_{! withD<Dq 
ed (0—Dq)WithD>Dq as 
therefore 


R= — j F (D) AP (p— —Dqd Na = — | Fp +Dq)x 
Dd 


x DEO p )dDp (4) 


Using only solar bursts [subscript bin formulas] as the probabilistic 
source, we shall write down as in [3]: 


Dy =Dy = GKb. (bs). (5) 


where ? is the flux of protons of solar bursts and Kp (ais the dose of 
a single flux as a function of thickness of radiation protection. Then: 





* dnb 
R= —|FGKy +0g )-Z- a dg (6) 
0 
and further: . 
dR (2 dnb ddd , fab 
dP + dF dnb aKh 4 dF dn 
re -\g 4 dP -f \@ Kb Mb © 
0 
Send In D,/ dP; (9) 


is the effective coefficient of attenuation of the dosage of the ith source 
by its protection [4]. Making the notation: 





*Translator’s note: subscripts and/or superscripts keyed as follows in all 


formulas: Pp) probable; d) determinate; b) burst; S$) protection ["shelter"]; 
ef) effective. 
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~ dF d F 
of-i a “BP Dp / ios 4b (10) 


we obtain the correlation bere pre of combined protection [4]: 
e 
#qdD =Fbh (it) 


where pe’ is, as we see, related not only to Ky but to Da: 


Simultaneous solution of equations (4) and (10) should yield the values 
of Dg and 6,, if we consider that ug is known and unrelated to the value of 
Dye However, it is difficult to find this solution, since [5]: 





aT)* 
Nh (D)=1—| Sem * Fe te (Dn) dDy, (12) 
0 


where /x(Ds)= : fas (Duy) fy (Da—Dy—,) ADy-, 


with X22, * the number of the burst, Dy the total dose of * bursts, f1(D) 
the density of distribution of probability of dose D in one burst, with fo= 1, 
and A the mean incidence of bursts. For this reason, we must simplify 


equations (4) and (11). For this purpose, let us write F(D) in the 
following form: 


F(D)-1— N Aye °®?, (13) 
i=l 
consequently, . 
SD ~ Ajoie “1° . (14) 


* wD 
Then equations (4) and (11) will include | ¢, (4) ap: 
0 


which, having the shape of a generating function of moments of convolution 
of multiplicity * and f1, constitutes [6]: 


oo b 
\e hove | 


v 
As a result, we shall have: 


" * e 
R-1l-— Vv Ave “td Mena L 5 ai 
ae rT 
( 
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k 
\ f, (Dye “? wo} 7 
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7 oS 
~ | N Ave %7d “| sar — | f,(dye 21% b wo]! (15) 
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Le€e, 


Analogously 
» dF dnb Y C, (bg)e “td (16) 


where C,= —wB,. 

" 4F dn db 
As for \ GD ~ dD 
0 


following form: 


D, 40,, let us present Dy) in the 


Db = lim {(l -¢ "O oh th o, 0. 








“ Then: 
‘ = = . l 
(3 ab op qdDyp = — Awe id lim ~. x 
0 ial 
x exp | 7 ( — pe" (0140 } |e |» x 

6 
» f _ je “ire *1.«0)40) . 
0 
Hence 


J ni@exy eBay. (17) 


iD Ab pp dD) - cye “td ar 
0 i=l 
As a result, the optimality condition acquires the following form: 
* _ @ _ x . 
ef ATKb (6 3)» Cie “id \ efi (@e “ib * ae 
Kd _ i=! 0 (18) 


a Dg v ce"? d 


i=l 





and it is a system of transcendal equations (15) and (18), rather than 
integral equations (4) and (11), that must be solved. 


If equation (18) is written in a somewhat different form: 





ef _— Nope *i’d [einen ev wire] 
a4 Dy A&A ; b 1 ag) 
"S Dq v Ce" d 
ial 
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it becomes clear that the integration process of solving the above transcen- 
dental equations should begin with calculation of Dg from the following 


equation: 
ef ef. 
Hag = Hb be 
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PSYCHOPROPHYLAXIS OF FATIGUE AND FUNCTIONAL CARDIOVASCULAR DISEASES IN PILOTS 
BY MEANS OF SELF-CONDITIONING 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 5, 
1979 pp 77-78 


[Article by A. N. Gurov, submitted 23 Mar 78] 


[Text] The great physical and emotional tension inherent in flight work, 
and the effects of various adverse flight factors (temperature changes, 
lowering of partial oxygen pressure, restriction of movements, gravitational 
influence, etc.) sometimes lead to development of early fatigue and func- 
tional cardiovascular diseases. For this reason, it is an important element 
of the system of psychological, moral and political pilot training to 
increase mental and physical resistance to various flight factors [1]. 


Methods 


The pilots studied ranged in age from 22 to 42 years, and they were divided 
into three groups: the first consisted of individuals subject to rapid 

fatigue (32 people); the second consisted of individuals suffering from neuro- 
circular dystonia of the hypertensive type (19 people) and the third con- 
sisted of individuals with neurocirculatory dystonia of the hypotensive 

type (17). 


The physician held group classes with each group twice a week, for 10-20 min 
each time, during which he explained the significance of autogenic training 
and rules for using exercises, the daily performance of which by the 

pilots independently (morning, day and evening, 5-10 min at a time) should 
result in a state of autogenic induction, Before staring the independent 
exercises and 6 months later, we recorded arterial pressure, heart rate, 
intensity of perspiration, tremor and electrocardiograms on ali individuals, 


At the first 5-/ classes, there was substantiation of the efficacy of verbal 
influences, the possibility of attaining active dilatation of extremital 
vessels with them and hence the sensation of warmth in these vessels. After 
this, we began to make practical use of verbal activity in order to eliminate 
fatigue and induce normalization of arterial pressure. 
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Results and Discussion 


Anclysis of the obtained data revealed that all of the pilots present a 
decrease in feeling of fatigue after ordinary loads, appearance of a 
sensation of vigor after the sessions, positive atitude toward autogenic 
conditioning and active desire to control any malaise after 6 months of 
regular practice. 


The Table summarizes the results of the obtained changes in arterial pressure 
and pulse, which were processed by the method of variational statistics with 
calculation of means (Mtm). 


Changes in arterial pressure and heart rate related to self-training 


Group Arterial pressure _| Heart rate 
of before self-tr 
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In the first group of subjects, there was negligible change in arterial 
pressure in the course of training, with slowing of heart rate, excessive 
perspiration and tremor; sensation of fatigue after considerable mental and 
physical loads occurred less often. 


In the second group, we observed persistent decline of arterial pressure 
(P>0.05), slowing of heart rate (P0.05) and disappearance of tremor in 
the course of autogenic conditioning. In 12 people in this group, we 
demonstrated periodic sinus extrasystoles on the KEG; they disapveared 

in 10 of these cases with autogenic training and remained unchanged in 2. 
After 4 and 6 months of regular practice, 4 pilots of this group were 
deemed to be in good health at their routine check-up by the medical 
flight commission, which was performed at the hospital. 


In the third group, arterial pressure (both systolic and diastolic) rese, 
with some decrease in heart rate and disappearance of tremor. 


The data referable to 68 pilots who performed the exercises for 6 months 
indicate the efficacy of the method of autogenic conditioning in the 
modification of specific organ training as a means of preventing fatigue 
and functional cardiovascular diseases in pilots, The systems we used 
for autogenic conditioning can be used to prevent fatigue and functional 
cardiovascular diseases in flight personnel. 
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USE OF SHORT-ARM CENTRIFUGE TO PREVENT DECONDITIONING WHEN IMMERSED IN 
WATER (ACCORDING TO H-REFLEX) 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 5, 
1979 pp 78-79 


[Article by B. I. Zborovskaya, submitted 15 Nov 77] 


[Text] A study was made of the possibility of using periodic rotation on 
a short-arm centrifuge (SAC) aw a means of preventing the adverse effects 
of immersion. 


Methods 


Healthy volunteer subjects participated in this study; they were immersed in 
water for 3 days. We estimated endurance of head-pelvis (+62) accelerations 
on a centrifuge with a radius of 7.25 m before and after immersion. The rate 
of build-up of accelerations constituted 0.2 units/s, time of exposure to 
accelerations of +3Gz constant in magnitude and direction constituted 5 min. 
Each subject was submitted to +3Gz after pure immersion and immersion com 
bined with periodic rotation on a SAC, where accelerations of +0.8 Gz, 

+1.2 Gz or 1.6 Gz were generated for 60 min twice a day (first series) and 
for 40 min 3 times a day (second series). The subjects were positioned on 
the SAC in such a manner as to have the axis of rotation traverse the 

region of the bridge of the nose. In all, we conducted 61 tests involving 
12 subjects. Under these conditions, we tested neuromuscular functions by 
the methods of the H (Hoffmann) reflex and electromyography. The H-reflex 
was elicited by electric stimulation of the tibial nerve in the region of 
the right popliteal fossa using square-wave single pulses. Pulse duration 
was 0.7 ms and frequency 0.33 Hz. Electromyograms were recorded by the 
conventional method from the right femoral quadriceps, right anterior 
tibial muscle and left soleus. A computer was used to process the electro- 
myograms. 


Results and Discussion 


The H-reflex method makes it possible to assess activity of spinal a~-moto- 
neurons, the role of which is to induce or restrict movement [1]). It was 
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previously noted [2] chat with G forces of +3 Gz there are two types of 
changes in the H-reflex: initial inhibition at the start of exposure to 

+3 Gz, with subsequent recovery and alleviation at the start of +3 Gz [sic], 
which is characterized by increase in amplitude of the reflex. Recovery 

and stabilization of amplitude of the H-reflex in the “aftereffect™ of +3 Gz 
occurred in the 2d-3d min. The “initial” inhibition of the H-reflex observed 
in our studies is apparently determined mainly by a change in level of 
afferent influences related, in particular, with increased extrafusal [7] 
tension of the tested flexor of the foot (soleus) and thus induced activation 
of tendon receptors of Golgi. Subsequent restoration of amplitude of the 
H-reflex with +3 Gz could be related to relative relaxation of the tested 
muscle. 


Alleviation of the H-reflcex at the start of exposure to +6z is perhaps 
related to reciprocal excitatory effect in the presence of marked tension 
of the anterior tibial muscle. Increased excitability of spinal G-mo. meurons, 
manifested by lowering of threshold of eliciting the H-reflex, occasionally 
by replacement of the “primary” inhibition of the H-reflex by alleviation 
thereof, was demonstrated under the influence of +3 Gz after immersion. 
Restoration of H-reflex amplitude in the aftereffect period occurred by 

the 7th-10th min. The decline of threshold of eliciting the H-reflex after 
immersion is indicative of increased excitability of spinal G-motoneuronr 
{3}, and this was also observed previously in the wase of immersion in water 
for 24 and 120 h [4, 5]. 





In subjects who did not experience entirely the specified mode of exposure 
to accelerations (+3 Gz, 5 min), after immersion (regardless of type of 
changes in the H-reflex at the start of exposure), before termination of 
exposure to +3 Gz we observed “secondary” inhibition of the H-reflex, which 
coincided with marked reduction of amplitude of vascular pulse in the 
lobule of the ear. The positive effect of periodic rotation on the SAC 

for the purpose of preventing deconditioning of the neuromuscular system 
was assessed on the basis of time of restoration of amplitude of the H- 
reflex in the aftereffect period and appearance of secondary inhibition 

of the H-reflex with exposure to +3 Gz. In 762% of the cases, there vas 
early recovery of H-reflex amplitude (lst-3d min of aftereffect) with 
exposure to +3 Gz after immersion combined with SAC when using G forces of 
+1.2 Gz for 40 min 3 times a day, and the same was observed in 627 of the 
cases “‘th the use of G forces of +1.6 Gz for 60 min twice a day. The 
fewest number of cases of secondary inhibition of the H-reflex was observed 
after immersion combined with 1.6 Gz for 60 min twice 4 day. 


These investigations do not permit us to evaluate with suftictent certainty 
the pathological mechanism of secondary inhibition of the H-reflex; however, 
the simultaneous marked decrease in amplitude of vascular pulse in the 
conchal lobule warrants the assumption that there is a change in level of 
supraspinal influences, which is indirectly attributable to the state of 
cerebral circulation. At present, it is known [6] that the use of periodi« 


rotation on a centrifuge with «nm arm 7.25 m in size increases resistance 








of the body to head-pelvis accelerations after immersion, in particular it 
reduces significantly the development of hemodynamic disturbances. 


l. 


2. 


3. 


4. 


5. 


6. 


BIBL LOGRAPHY 
Granit, R. “Fundamentals of Regulation of Movements,” Moscow, 1973. 


Zborovskaya, V. I. in “Aktual'nyye voprosy kosmicheskoy biologii i 
meditsiny"” [Pressing Problems of Space Biology and Medicine], Moscow, 
Vyp 2, 1975, pp 75-76. 


Baykushev, St.; Manovich, Z. Kh.; and Novikova, V. P. “Stimulation 
Electromyography and Electroneurography in Clinical Management of 
Neurological Diseases," Moscow, 1974. 


Korobova, A. A.; Korobkov, A. V.; Ioffe, L. A.; et al. in “Kosmicheskaya 
biologiya i aviakosmicheskaya meditsina” [Space Biology and Aerospace 
Mediine], Moscow--Kaluga, Vol 1, 1972, pp 78-81. 


Korobova, A. A.; Ovsyannikov, A. V.; Ratishvili, G. G.; et al. in 
"Problemy kosmicheskoy biologii” [Problems of Space Biology], Moscow, 
Vol 16, 1971, pp 29-40. 


Shul'zhenko, Ye. B. “Physiological Effects of Gravitational Changes 
(Ground-Based Model Experiments)," doctoral dissertation, Moscow, 1975. 


116 




















UDC: 616-001. 12-092.%-06:612.014.477-063 
COURSE OF ALTITUDE CAISSON DISEASE IN DOGS EXPOSED TO ACCELERATIONS 
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{Article by V. I. Prodin and I. N. Chernyakov, submitted 9 Fe» 78) 


[Text ]Situations may arise in high-altitude and space flights where man ic 
exposed to the combined or successive effects of low pressure and G forces, 
with signs of altitude decompression sickness: manuevering an aircraft in 
a depressurized cabin, descent from orbit in a depressurized compartment 
of a spacecraft, etc. It is unquestionable that the hydrostatic pressure 
of body fluids, which changes in the presence of accelerations, shifting 
of these fluids and deformation of soft tissues would affect the evolution 
of gas bubbles that were formed during altitude decompression, as well as 
development of symptoms of caisson disease. 


There are no data in the literature that are directly related to this matter. 
At the same time, there are works [1] indicating a correlation between the 
size of the gas bubbles and hydrostatic pressure. It was shown that as 

a gas bubble shifts to the region of elevated hydrostatic pressure its volume 
decreases. In the light of these data it was interesting to track the 
dynamics of development of symptoms of altitude decompression sickness 
against the background of changing hydrostatic pressure due to accelerations. 


Methods 


Experiments were conducted on mongre! dogs. Altitude decompression sickness 
(ADS) was induced by “lifti.g” the animals to an “altitude” of 5000 m in a 
pressure chamber, with a physical load (running on a treadmill) after 
presaturation with nitrogen while breathing air at pressure of 4-5 atm 

for l-3 h [2]. 


Animals with marked symptoms of ADS (paresis and paralysis of the limbs, 
respiratory and cardiac functional disorders, genera'\ depression) vere 
divided into two groups. The natural outcome of the sickness was observed 

in animals of the first group (eight experiments) for 3 days after “altitude” 
decompression. After 3 days, the animals were sacrificed for morphological 
studies. The second group of animals (nine experiments) with symptoms of 
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ADS were rotated on a centrifuge for 10 min, with chest-back accelerations 
of 8 units. The intervalsbetween start of development of ADS and rotating 
the animals constituted 15-30 min (4 cases), 1.5-2.5 h (4 cases) and 24 h 
(1 case). The animals were under observation for 3 days after rotation. 


Results and Discussion 


Two of the animals in the first group recovered. In one case, the signs 

of general depression and paraplegia of the hind legs, which were observed 
for tne first hours after decompression, gradually regressed, and total 
recovery was observed on the 3d day. In the second experiment, the dog 
presented only monoplegia o. the left hind leg, which disappeared entirely 
after 3 days. In a third experiment on the same dog, after altitude 
decompression we observed paresis of the same left extremity, which 
progressed unexpectedly and severely: on the 2d day there was development of 
paraplegia of the hind legs with serious respiratory and cardiac disorder. 
The dog was sacrificed in an agonal state. These cases of total recovery 
from severe clinical signs of ADS and lethal outcome with relatively 
moderate early symptoms confirm the statements [3, 4] to the effect that it 
is difficult to prognosticate the outcome of the disease on the basis of 
the initial stage of its development. 


In the other five experiments with animals o% the first group, we observed 
consistent progression of ADS symptoms; as «4 result, 2 animals died in the 
first hour after altitude decompression, as a consequence of massive air 
embolism; in three cases monoplegia and paraplegia progressed into paraplegia 
and tetraplegia with further worsening of the animals’ general condition. 
These data were indicative of development of persistent ADS symptoms in most 
animals with the method we used to simulate this disease. 





The results of che second series of experiments turned out to be quite 
remarkable, where the animals with persistent ADS symptoms were rotated on 
a centrifuge. In two cases, rotation worsened the condition severely in 
dogs with signs of paraplegia and tetraplegia, general depression, res- 
piratory and cardiac functional disorder. This finding can be readily 
explained. Hypoxia induced by massive air embolism of pulmonary and 
coronary arteries in the presence of altitude decompression was aggravated 
as a result of respiratory and circulatory disturbances, which developed 
under the influence of accelerations [5]. 


At the same time, in seven other experiments, instead of the expected 
aggravation of the animals’ condition after rotation, we observed total or 
partial removal of ADS symptoms. It should be noted that such an effect 
was observed with milder forms of the sickness, paresis or paralysis of 
one extremity, when the animals’ general condition was satisfactory, they 
ate and moved independently (on three legs). After rotation, the animals 
began to put weight on all four legs, including the one that had been 
stricken. 
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The fact that G forces were able to curb local symptoms of ADS apparently 
requires further investigation. It may be assumed that there is elevation 
of hydrostatic pressure of body fluids in the distal parts of the body, 

in relation to the vector of G forces, which compresses gas bubbles, under 
the influence of G forces during rotation. This reduces deformation of 
tissues, normalizes circulation in stricken regions and restores impaired 
functions of the extremities. 


At the same time, the findings may be opposite in the proximal parts of 
the body, and the outcome of caisson disease could ultimately depend on 
the localization of gas bubbles and shifting thereof. 


During rotation of animals at G forces of 8 units, the increment of hydro- 
Static pressure in the dorsal region constituted about 100-150 mm Hg. An 
increase in pressure by this amount or even less could arrest the pain 
Symptoms of ADS in some cases, when they develop in man in a pressure 
chamber at “high altitude” [2, 4, 6]. 





However, it would be wrong to reduce the ADS symptom curbing effect of G 
forces solely to compression of gas bubbles. It is a known fact that the 
gas bubbles can be persistent [stable], and so can the symptoms of ADS 
with considerably higher degrees of compression [4]. Evidently, under 

the influence of G forces, in addition to compression there is deformation 
of gas bubbles, as well as migration and destruction of membranes thereof. 
Muscular tension, present when the animal experiences motor excitement 
during rotation, as well as intensification of respiration and circulation, 
which occur during rotation when the animal's general condition is satis- 
factory after aititude decompression, are also instrumental in these 
effects. 


Of course, these results do not constituted a substantiation for practical 
recommendations on the treatment of ADS symptoms by rotation on a centrifuge. 
They are interesting primarily because they demonstrate the positive 

effect on the body of such an extreme factor as G forces under specific 
conditions. 


The experimental results also enable us to expound the hypothesis that the 
presence of symptoms of mild forms of ADS in a crew member does not 
constitute a mandatory contraindication for performance of a stage of a 
flight mission related to exposure to accelerations. 


On the basis of these data it may also be assumed that formation of gas 
bubbles in the lower limbs during a space tlight in weightlessness, as 
well as development of ADS when atmospheric pressure is low, will 
apparently occur taster as a result of absence of hydrostatic pressure 
of body fluids. 
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INVESTIGATION OF ALVEOLOARTERIAL DIFFERENCE FOR OXYGEN AND CARBON DIOXIDE 
WHEN BREATHING HIGH-DENSITY GAS MIXTURES 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 5, 
1979 pp 81-83 


[Article by L. A. Bryantsev, A. G. Dianov, V. V. Isayenko, A. V. Suvorov 
and R. I. Finogenova, submitted 22 Mar 78] 


[Text] Our objective here was to determine the alveoloarterial difference 
for oxygen and carbon dioxide when breathing high-density gas mixtures. In 
addition, unlike previous studies, we deemed it important to investigate 
under these conditions respiratory reactions uncomplicated by the effect 

of anesthesia; for this reason, we conducted the experiments on nonanesthe- 
tized animals pretrained to breathe through a mask 


Methods 
Experiments were conducted on dogs weighing 9.5 kg each, 


One month before the experiments, catheters were imbedded in the aorta and 
ostium of venae cavae, which were used to take blood for tests. 


We used SF, as neutral diluent gas. The inhaled gas mixture of SF, and 0) 
(or atmospheric air in control tests) was delivered through a mask and valve 
box from a Douglas bag. The gas mixture was prepared just prior to the 
test; the oxygen concentration in it constituted 20.9+1% (the density of 

a respiratory mixture of SF, and 0, with 21% 0, is 4.21 times higher than 
the density of air). 


We conducted 16 experiments in all: 10 using SF,-0, for breathing and 6 
with the use of air for breathing (control). 


In each experiment, we determined the following main parameters: respiration 
rate (f), minute volume (Vp), 0, and CO, concentration in alveolar air 

using a capnograph and OM-11l gas analyzer. Volumes of exhaled air were col- 
lected in Douglas bags and assayed with a GSB-400 gas counter. The rest of 

the parameters of external respiration and gas exhange, determined by the 
Douglas-Haldane method, were calculated from these indices: respiratory [tidal] 
volume (V7),0, and CO, tension in alveolar air (PaO, and PaCO,), alveolar 




















ventilation (Va), dead space (Vp), respiratory coefficient (R), coefficient 
of oxygen uptake (KQ2), oxygen uptake (V02) and carbon dioxide output (VC0z). 
Analysis of inhaled and exhaled gas mixtures for 02 and C02 content was made 


on the OM-1l analyzer and capnograph. 
AME-lc micro-Astrup. 


the catheters in the aorta and ostium of the venae cavae. 


Blood tests were made using the 
Blood was collected under vaseline oil directly from 


We measured 02 and 


COQ2 tension in arterial and venous blood (P 025 P.COz2; P02; PCO2 ). 


Determination was also made of alveoloarterial difference (A-aPO2 and a-APCO2). 
from the values of Oz and COz tension in alveolar gas and blood. 


Each experiment was conducted in two stages: first we determined the above- 
mentioned parameters of respiration, exchange of gases and blood in the base 
State betore breathing the gas mixture; at the second stage we determined 
all parameters three times during 30-min respiration of SFe-O2 mixture 

(in the first 10 min, second 10 min and third 10 min). 


The results of all experiments were processed by the method of Student-Fisher. 
In most cases, we used the method of pair-by-pair comparison of base and 
end (between 20th and 30th min) values in each experiment. 
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Graph of POz2 changes in alveolar air 
(A), arterial blood (a) and venous 
blood (v) during 30-min respiration 
of SFe-02 gas mixture (solid line) 
and air (dash line) 


Results and Discussion 


The Figure illustrates the main re- 
sults of the experiments. As can be 
seen, there is no difference from 

the control ("air") series in P02 of 
alveolar air, as well as arterial 

and mixed venous blood when breathing 
a mixture of SFé and 02. During 30- 
min breathing of the SFe-O2 mixture, 
alveoloarterial difference for oxygen 
constituted 20.445.3 mm Hg; it was 
25.827.6 mm Hg when breathing air. 
The 5.4 mm Hg difference was statis- 
tically unreliable (P”0.05). The 
same applies to alveoloarterial dif- 
ference for carbon dioxide: a-APCO2 
constituted 3.06+0.73 mm Hg with the 
SFe-O2 mixture and 5.4322.55 mm Hg 
when breathing air (P>0.05). 


A comparison of base levels of res- 
piratory gases in blood to the end 
data in each experiment revealed that 
the SFe-O2 breathing mixture does 

not lead to statistically reliable 
changes in P02, P C02, P.O and P C02. 











Alveolar ventilation, calculated from P,aCO,, also failed to demonstrate re- 
liable differences. 


However, a reliable increase in respiratory volumes and slower respiration 
were observed with the use of the SFg-O2 mixture. Reflex deepening and 
slowing of respiration made it possible, as we know, to overcome resistive 
resistance, which had increased in the dense medium, with less exertion of 
respiratory muscles [1-5]. 


On the basis of these experiments, it may be assumed that inclusion of 
inert gas of high density in respiratory mixtures, at normal atmospheric 


pressure, does not elicit any appreciable changes in transport of oxygen and 
carbon dioxide. 
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TOXIC EFFECTS OF CHEMICALS IN THE ALTERED GAS ENVIRONMENT OF PRESSURIZED 
CHAMBERS 
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1979 pp 83-84 


[Article by G. I. Solomin, submitted 14 Apr 77] 


[Text] The monograph of V. V. Kustov, L. A. Tiunov and G. A. Vasil'yev [1] 
presents a survey of data on the combined effect on man and experimental 
animals of toxic agents combined with other environmental factors, There 
has beminsufficient publication of works dealing with the nature of the 
toxic effects of chemicals in an altered gas environment and, in particular, 
against the background of lowered barometric pressure [1-5]. 


Our objective here was to investigate the toxic effect of chemicals that 
are the products of gas emission from polymers on experimental animals 
in an altered gas environment, as this relates to spacecraft cabins. 


Studies were conducted with the use of 1,4-dioxane, ethyl acetate and iso- 
propyl benzene. These agents are often identified in the air of manned 
compartments of spacecraft [6]. 


Methods 


We conducted 26 series of experiments on 224 white mice weighing 25-30 g¢, 
with different concentrations of the agents both under ordinary conditions 
on the ground and in an artifically created gas environment of a pressure 
chamber (barometric pressure was lowered to 520 mm Hg, while oxygen level 
was helt at a 40% level). Each experiment lasted 2h. The experiments were 
conducted ina 260-liter pressure chamber under static conditions. The con- 
centration of chemicals in the air of this chamber was measured by weighing 
and gas chromatographic methods. Air samples were collected at the end of 
each experiment. 


The levels of median lethal concentrations (LCs9), as well as LCye and LCg,., 
which are widely used in industrial toxicology for determination of para- 
meters of acute toxicity of toxic agents, served as the indicators of 

















toxic effects of the chemicals. 
statistical processing by the method of probit analysis [7]. 


Results and Discussion 


The Table lists the results of studies made in order to determine the median 
lechal concentrations of the toxic substances studied (1,4-dioxane, ethy] 


All of the digital data were submitted to 


acetate and isopropyl benzyme, in experiments on white mice). 








Data referable to determination of LCs» of dioxane, ethyl acetate and 
isopropyl benzene in experiments in a normal and altered gas environment 
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As can be seen in the table, the levels of median lethal concentrations of 
i)) three agents tested, as well as such indices as LCi¢ and LCe., obtained 
in experiments under normai barometric pressure are lower than the data 
btained in an altered gas environment against the background of lowered 
barometric pressure. This is indicative of some attenuation of the toxic 
effects of 1,4-dioxane, ethyl acetate and isopropyl benzene on experimental 
animals in an altered gas environment at lowered barometric pressure. in 
the tests with ethyl acetate and isopropyl benzene, this attenuation of the 
toxic effect is apparent from the fact that the median lethal concentrations 
‘LCs») demonstrated in the tests under ordinary ground-based conditions 
.P 7/60 mm ig, 21% O02) were on the level cf nonlethal concentrations demon- 
strated in the experiments at iow barometric pressure. The same pattern is 
lemonstreable when we compared other parameters of the animals’ reaction 
(LC,;6 and LCée.). 


Thus, the study of the toxic effect of the above chemicals at low barometric 
pressure (down to 520 mm Hg) with concurrent increase in oxygen content to 
“1 (PO, 208 mm Hg) revealed some atienuation of their toxic effect. This 
eas manifested by an increase in levels of lethal concentrations. 





Our findings coincide with data in the literature [5], the authors of which 
report a lower mortality rate among animals exposed to nitrogen dioxide 

and ozone against the background of lowered barometric pressure. The milder 
course of poisoning or decline of lethal concentrations in our experiments 

is apparently related to the increase in oxvgen content and slowing of the 
process of sorption of agents in the body at lower barometric pressure. ticv- 
ever, for definitive determination of the effect of chemicals combined with 
ambient factors, which could be present in an actual space flight, further 


investigations are required. 
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EFFECT OF HYPOXIA ON ATPASE ACTIVITY OF THE BRAIN 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 5, 
1979 pp 85-87 


[Article by L. B. Buravkova, E. S. Mailyan and Ye. A. Kovalenko, submitted 
24 Oct 77) 


[Text] At the present time it is a known fact that tissular hypoxia elicits 
changes in energy metabolism and damage to membrane structures of the cell. 
Impairment of bioenergetic processes leads to progressive decline in con- 
centration of macroergic compounds [1, 2]. It has been demonstrated that, 
in the presence of profound hypoxia, there is depression of tissular respira- 
tion and dissociation thereof from phosphorylation [3-5]. Intensification 
of glycolytic processes during this period [6] cannot fully compensate for 
the decrease in oxidative phosphorylation, for which reason the ATP level 
drops. Since the ATP level depends on the correlation between synthesis 

and hydrolysis thereof in the cell, it is deemed important tc investigate 
its ATPase activity. 


According to the data in the literature, rarefaction of the atmosphere up 

to an altitude of 7000 m elicits an increase in intensity of hydrolysis of 
ATP [7]. However, when rats are lifted to an altitude of 9000 m for 90 min, 
a decrease is observed in ATPase activity in the membrane fraction of the 
cerebral hemispheres [8], whereas no change was demonstrated in rate of ATP 
hydrolysis in a brain homogenate even 4 h after ligating the common carotid 
artery of rats [9]. Such contradiction of data prompted us to undertake a 
comprehensive study of this enzyme in the presence of different degrees of 
hypoxia in different species of animals differing in resistance to acute 
hypoxia. 


Methods 


We conducted our study on 35 mongrel, male albino rats weighing 200-300 g 

and 70 male CBA mice weighing 25-30 g. Acute hypoxic hypoxia was produced 

in a pressure chamber with rarefaction of atmosphere to the appropriate 
altitudes (40 m/s rate of ascent). The mice were lifted to altitudes of 
4000, 6000 and 8000 uw for 5 min, and 10,000 and 11,000 m until respiration 
stopped. The rats were lifted to 12,000 and 14,000 m; they were brought down 
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after onset of respiratory arrest as demonstrated on a pneumogram. After 
oring the animals down as rapidly as possible (15 s), they were decapitated; 
we extracted the cerebral hemispheres and placed them in a cooled solution 
(0-4°C; 0.25 M) of saccharose, 5 mM tris-HCl, 2 mM EDTA, pH 7.4); blood 

was washed off and the preparation homogenzed to 1:10 (weight:volume). 


Fractions were isolated using a TsiB-l centrifuge at 2°C by a method pre- 
viously described [10]. ATPase Mg** activity was determined from the 
increment of phosphate in a medium of the following composition: 10 aM tris- 
NCL, 5 mM MeCl» and 5 aM ATP. To the sample we added 0.2-0.3 mg protein 

und incubated it for 15 min at 37°C. The reaction was stopped by adding 
0.5 m cold 10% trichloroacetic acid solution. The samples were kept on 

ice for 19 min; settled protein was separated and determination was made of 
inorganic phosphate (P,4) in the supernatant using the method of Lowry and 
Lopez in the modification of V. P. Skulachev [11], while protein was assayed 
according to Lowry [12]. 


Results and Discussion 


When lifting mice to different altitudes, we found that with rarefaction of 
atmosphere at 4000 and 6000 m= there was virtually no difference in ATPase 
Me** activity, as compared to the control (Figure 1). Starting at an 
altitude of 8000 m, the activity of this enzyme increased by 57%, and at 
an altitude of 10,000 m by 79%. However, upon reaching an altitude of 
11,000 m, which is the “ceiling for CBA mice, according to our data, there 
was a sharp drop of enzyme activity: by 572 as compared to the control 

and to one-third the activity at 10,000 m. These changes are statisticaily 
reliable (P<0.001). 
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Figure 1. : Figure 2. 
Mg’ *-AiDase activity of CBA mouse Me‘*-ATPase activity of the brain of 
brain under normal conditions (K) highly and minimally hypoxia-resistant 
and when lifted to different rats (HR and MR) in the presence of 
altitudes (ug ?;/mge protein/15 min) acute hypoxia (ug Py/mg protein/15 min) 


It was established that, when lifted to 12,000 m, most rats die on the average 
within 100 s after reaching this altitude. In this group of animais, enzyme 

activity was 27% higher (P<0.01) than in the control group (Figure 2). A few 
animals died considerably later at 12,000 m, within a mean of 9 min 40 5. In 
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these rats, the increase in ATPase activity of the brain was statistically 
unreliable, as compared to control animals. Consequently, in animals 

that are highly resistant to hypoxia, activity of Me**-aTPase of cerebral 
hemispheres was lower at high altitude than in animals with minimal re- 
Sistance. This is consistent with data obtained by 0. S. Klimenko [13] 
for mitochondria and nuclei isolated from the brain of albino rats. 


In a separate series of experiments (20 animals), ATPase activity of the 
brain was studied with elevation of rats to the altitude ceiling (14,000 m). 
Under normal conditions, as shown in Figure 3, hydrolysis of ATP in frac- 
tion Il (containing mitochondria) was almost twice the level in fraction I 
(containing nuclei and fragments of nerve fibers) and 12 times greater than 
in fraction III (soluble). Immediately after the ascent to 14,000 m, however, 
we observed the following: enzyme activity increased by 69% in the brain 
homogenate; ATPase activity doubled in fraction I, increased by 682% in 
fraction II and by almost 6Umes in fraction III. Thus, an increase in 
ATPase activity under hypoxic conditions was observed in all tested fractions. 
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The above results warrant the belief that increase in activity is the most 
typical reaction of Mg**-ATPase to acute hypoxia. The results of lifting 
mice to 11,000 m are the only exception to the demonstrated pattern, and 

no explanation for this was found. Our studies revealed that a change in 
ATPase activity of the mouse brain after “ascents” is demonstrable for the 
first time at an altitude of 8000 m. We know from the literature that it 
is expressly at this rarefaction of the atmosphere that PO, of brain tissue 
comes close to a critical level [14]. 


The increase in enzyme activity in the presence of acute hypoxia may be due 
to the following factors: dissociation of oxidation and phosphorylation [3, 
4), which, as we know, elicits an increase in ATPase activity; activation of 
phospholipase A, which, by impairing phospholipid structure, perhaps also 
decreases Na*+K"-ATPase on the outside of the membrane and activates 
Mg°*.ATPase, an enzyme situated on the inside of the membrane |7]. Phos- 
phorylase A is activated by free fatty acids [15], the amount of which, as 
we know, increases in the presence of hypoxia [16, 17]. Ca‘? ions, the 
amount of which in the cell also increases in the presence of hypoxia [2], 
are activators of this enzyme. 





i2. 


i3. 


i4, 


5. 
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NEW BOOK DEALS WITH EXPERIMENTAL PSYCHOLOGICAL RESEARCH IN AVIATION AND 
COSMONAUTICS 


Moscow KOSMICHESKAYA BLOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 5, 
1979 pp 87-88 


[Review by A. A. Krasovskiy of the book "Eksperimental'no-psikhologicheskiye 
issledovaniya v aviatsii i kosmonavtike” by G. T. Beregovoy, N. D. Zavalova, 
B. F. Lomov and V. A. Ponomarenko, Moscow, Nauka, 1978] 


[text] At the present time there is no need to describe the role and signi- 
ficance of engineering psychology and ergonomics. The scientific and techno- 
logical revolution and the rapid development of automated control systems 
have advanced problems of interaction between man and machine to the ranks 

of the most timely areas of theory and practice. Research dealing with 
engineering psychology holds a leading place in scope and depth. This 

can be attributed both to the particular complexity and responsibility of 
pilot and cosmonaut actvities and historcially formed traditions. 


The Soviet scientific and engineering literature in the field of aviation 
and space psychology includes some excellent books and a significant number 
of articles in the periodic press. 


The Soviet literature has now been enricaed with another monograph written 
by prominent specialists in this field. 


Before discussing the contents of this book, it must be stressed that this 
reviewer is not a specialist in psychology and, specifically, engineering 
psychology. The contents of the monograph are analyzed from the vantage point 
of an engineer who is concerned with questions of onboard control systems 

and complexes. 


The first chapter, which deals with the psychological bases of operator 

work serves as a general theoretical introduction to the book. The authors 
cite some interesting data of the UN Technical Committee, according to which 
the share of automated systems in developed countries increased from 12 to 
60% in 15 years (from 1960 to 1975). In this same period, the share of purely 
manual labor decreased from 76 to 82. 
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In the general discussion of the activities of an operator, much attention 
is given to Marxist-Leninist conceptions in the area of individual labor 
and such basic concepts of engineering psychology as information model, 
conceptual model, image-goal, levels of regulation of activity, skills and 
abilicy, planning, etc. The authors touch upon the physiological bases 

as well of the problem of planning operator activity. 


Further, the book deals with specific problems and questions of aviation and 
space engineering psychology. What is valuable in this monograph is that 
the presentation of rich, specific experimental material is accompanied by 
theoretical generalizations and important conclusions, while the experiments 
themselves often pursue the goal of substantiating specific conceptions. 
There are some valuable materials and conclusions derived from psychological 
analysis of man's performance during space flights and aircraft piloting 
processes, as well as engineering psychological studies of emergency and 
malfunction situations. 


che system of views presented in the monograph of the role of a pilot in 
an automated onboard aircraft control system, interaction between the crew 
and onboard equipment also presents great interest, though it is debatable 
in some of its aspects. 


in a somewhat simplified form, we can describe these views as follows: It 
is unlikely that “absolutely"* reliable automatic control systems (ACS) 
will be developed in the next decade. The main role of the pilot is to 
back up ["“reserve"] the ACS. In order to perform the functions of a “hot" 
reserve, che pilot must implement not only active monitoring, but active 
movements, i.e., he must be constantly “present” in all of the control 
systems. This condition is met by “combined” control, when the piiot 
works concurrently with the machine. The logic of these views and experi- 
mental substantiation thereof for the present cannot be denied. Still, in 
our opinion, joint control should be viewed as a temporary measure. 


Development of multiprocessing onboard computer systems, spare actuating 
devices and remote electric systems for the control of rudder surfaces (in- 
stead of mechanical wiring) determine the routes and grounds for drastically 
increasing reliability. Virtually absolute reliability is a mandatory pre- 
requisite for introducing the most promising systems cof active control of 


flying vehicles, systems that provide for damping aeroelastic oscillations, 
piloting under conditions of static instability, lowering the rate of 
spending the resources of the glider, decreasing discomfort due to vari- 
directional accelerations, etc. Incidentally, it is virtually impossible 
for man to spare [reserve] active control systems, since the spectrum of 
signals of these systems is beyond the human transmission band. Thus, 

*We refer to the level of reliabili ty, at which © prossbiltey of dangerous 
malfunction of the ACS is smaller than the probsbilatyv of destruction of 


the glider, controls, incapacity of the crew, et« 











development of technology wiil make it impossible and unnecessary for 
man to save [reserve] the lower ("internal") control systems. 


lt is a ve-y difierent matcer with regard to higher control levels. We 
must conccue tnat there is complete validity to the view reiterated in the 
monograph concerning the need for the pilot to play an active role, the 
inadmissibility of transforming him into an accessory of the machine. In 
future systems, this active role should, in our opinion, be performed on 
an intellectual, verbai-thinking level. 


Some of the active actions of a pilet, which will be retained for all of the 
toreseeable tuture are control of the onboard complex itself, with due con- 
sideration of the actually formed situation, detection and recognition of 
goals, particulariy nonstationary ones with little contrast, choice of 
optimum means of using weapons and criterion for automatic optimization of 

a flight maneuver and mode. The pilot, as the commander of a highly 
sophisticated, adaptable and partially self-organizing onboard system, plays 
a@ rather active, creative role, capable of bringing moral and psychological 
satisfaction to a man on a flying vehicle of the future. 


Considerable attention is devoted in the book to concepts of the personal 
and human factors. Wile we agree that there is a definite need for the 
concept of human factor, we should like to comment on the fact that the 
authors go to some extremes in their judgements, in the heat of polemics. 
The concept of personal factor is important not only in screening, training, 
medical and psychological monitoring, but as an element of the system of 
education, discipline d responsibility. Unquestionably, there is a need 
to develop a scientific approach to identification of mistakes, separation 
of personal and human factors. 


The statement (p 262) that organization of the pilot's work place is pre- 
sently the prerogative of engineers is somewhat exaggerated. In practice, 
already at the stage of the mock-up commission and the numerous subsequent 


tests, cabin equipment is discussed and refined by pilots and experts. 

The main flaw is that this process is essentially empirical, without a 

broad theoretical foundation as yet. The authors are quite right in 

drawing attention to the need to plan pilot activity, as well as for in-depth 
ergonomic evaluation at the very earliest stage of developing a flying 
vehicle. 


The last chapter of the book demonstrates convincingly the great applied 
implications of psychological studies in aviation and cosmonautics. 


On the whole, this monograph, like several previous publications, is indi- 
cative of the leading positions of Soviet engineering psychology. The book 
will, no doubt, elicit deserved interest among a wide circle of engineers, 
pilots and scientists. 
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PRESSING PROBLEMS OF SPACE BIORHYTHMOLOGY DISCUSSED IN NEW BOOK 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian No 5, 
1979 pp 88-90 


[Review by V. A. Doskin and N. A. Lavrent'yeva of the book “Aktual'nyye 
problem kosmicheskoy bioritmologii" by S. I. Stepanova, Moscow, Nauka, 1977, 
311 pages] 


[Text] As we know, the achievements in the basic sciences serve as the 
foundation for successful development of applied research. In this res- 
pect, the space sciences are in the lead; using the achievements of world- 
wide science, they are developing at a rapid pace and enriching many 
scientific directions. 


For this reason, all works dealing with the study of space are becoming the 
object of the closest attention among the most varied specialists. This 
23d volume of the scientific publication, "Problems of Space Biology," 
deals with biorhythmology. It was written by the well-known Soviet bio- 
rhythmologist, S. I. Stepanova, and it is entitied “Pressing Problems of 
Space Biorhythmology." 


Evaluation of the functional state of the human body at different points in 
time is the most important task of human biorhythmology, including space 
biorhythmology. At the same time, evaluation of the functional state of 

the human body is one of the key problems of medical science. When prescrib- 
ing some treatment or other, determining the possibility of working under 
extreme conditions, assessing the work and rest schedule and rationalizing 
nutrition, a physician must assess the functional state of man and grade it, 
to the extent this is possible, as poor, good and optimum. Such gradation 

is substantially easier to make with the use in medicine of the rhythmo- 
metric approach developed by biorhythmology. Consideration of consistent 
changes in the functional state of man, which are related with his biological 
clock, makes it possible to differentiate between the distinctive features 

of reactions to a load, as well as to assess the reserve capabilities of 

the body. 


Numerous years of observations made by the autior demonstrate convincingly 
the importance of the rhythmometric approach to evaluetion of the functional 

















State of the human body. Occasionally, examination of the course of human 
Diclogical rhythms maxes it possible to detect changes therein, so-called 
desynchronosis. Ali disturbances of the body leading to disease start 


because of disruption of timing of different functions, so-called internal 
desynchronosis. 


S. 1. Stepanova cemonstrated convincingly that internal synchronization of 
daily (more precisely, circadian, from the latin, circa--about and dia--day) 
rhythms ot different physiolo,ical functions and biochemical parameters 
constitutes an optimum state of the body. It is very apparent from the 
material submitted by S. 1. Stepanova that the circadian rhythm is important 
to the human body. One can realize this by merely counting the functions 
(there ar. cbout 300) that change in a daily pattern. 


As she develops the theoretical premises formulated by the well-known Soviet 
biorhythmologist, B. 5S. Alyakrinskiy, S. 1. Stepanova, in her analysis of 
desynchronosis as a phenomenon, makes a distinction between “internal"™ and 
"external"desynchronosis, the latter referring to a discrepancy between 
vital processes and astronomic time. P?hysicians in different specialties 
often observe this phenomenon. 


Characterizing desynchronosis as the main form of circadian disorder, she 
demonstrates the qualitative differences in sleep cycle disorders among 
night and split-shift workers, as compared to circadian changes related to 
transmeridional tlights. [It is observed that, in spite of the apparent 


adjustment ot blue and white collar workers to different shifts, their life 
is contrary to the biological rhythm. As a result, various diseases (gastric 
and neurological) appear, and they are demonstrable primarily among those 

who adjust poorly to shift work. Thus, on the one hand desynchronosis is 


one of the early signs of disease and, on the other hand, having appeared 
as a result of disruption of the customary schedule of the day, it could 
itself become the cause of diiferent diseases. 


S. 1. Stepanov, developing the conception of the human body as a complex 
rhythmic system,, Gemonstrates that the state of the circadian system ot 
man is a reliable criterion of his general condition, which makes it 
possible to derive some very important conclusions to medical practice as 


to the time of administration of drug and other therapy, work capacity 
reserves of the human body, etc. 


We cannot fail to concur with the author that desyncrhonosis is a manifesta- 
tion of the general adaptation syndrome. The recommendations of S. I. 
Stepanova pertaining to organization of labor under extreme conditions 

are based on this theoretical foundation. The book is very timely, since 
the generalizations it contains go beyond space science, and they are of 
definite value to organization of labor of shift and night workers, pilots 


of high-speed airliners and individuals in other occupations. 

















Of theoretical importance is the question posed by the author as to the 
possible range of expansion of the customary 24-hour day for man. What 
is the optimum length of a work day for man? How long should he rest? 

S. I. Stepanova finds an answer to this question by means of unique 
studies dealing with man's adjustment to days differing in length. These 
studies enabled the author to expound the hypothesis of informational- 
energetic cost of the daily cycle. 


In essence, the conception of constancy of information-energy cost of the 
daily cycle refers to the fact that the amount of information received by 
man and energy expended is a constant parameter. With increase in duration 
of the daily cycle, the information-energy cost per hour should decrease 
and with decrease in duration of the daily cycle it should increase. If 
man is beyond the range of customary time indicators (sensors), the 
duration of the daily cycle is determined by the level of his physical and 
mental activity: the lower this level, the longer the circadian cycle 
should be, and vice versa. On the basis of this thesis, the author 
demonstrates the possible range of change in the daily cycle. 


An adjunct to this hypothesis is the theoretical conception of possibility 
of expanding the biorhythmic stereotype, which was developed on the basis 
of the works of B. S. Alyakrinskiy. This conception deals with the indivi- 
dual properties of the body with respect to adhering to a stable daily 
schedule, with deviations in the range of 1-2 h. The author has called 
this interval the zone of the biorhythmological stereotype, since fluctua- 
tions of position of pahses within this range do not disrupt rhythmic pro- 
cesses. Here too, the author backs up her conclusion concerning the 
individual capacity of people to adjust to a new rhythm of life. Thus, 
individuals with a wide zone of biorhythmological stereotype adjust fre 
easily. This conclusion is quite important to occupational medical con- 
sultations and occupational screening, which take up a significant place 

in the work ot a practicing physician. 


Of direct interest to practicing physicians is a section dealing with the 
prevention of desynchronosis, where the author demonstrates convincingly 
that a wisely planned work and rest schedule is the principal means of 
preventing desynchronosis. 


Special mention must be made of a chapter dealing with analysis of the 

main biorhythmic typesof individuals. 5S. 1. Stepanova arbitrarily makes 

a distinction between three types of people, labile, inert and intermediate; 
she demonstrates the adaptation capacities of each type to unusual time- 
related conditions or rapid changes in daily schedule. These data serve 

as the basis for biorhythmological screening of cosmonauts. Biorhythmol 
gical screening, even of cosmonauts, is a thing of the future, but thi 

logic scheme thereof is also applicable to other occupations with an 
extreme component. As a result of screening, high and stable effict 

[work capacity] should be achieved under extreme conditions. 





The book ends with a description of the prospects of scientific research 
in the field of space biorhythmology. This book will enrich substantially 
the knowledge of any physician, and it will be instrumental in progress in 
the main branches of medical science. 
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[Article by editorial board] 


[Text] Following are the doctoral dissertations dealing with the specialty 
of “Space and Aviation Medicine,” which were approved by the USSR High 
Degree Commission in 1978: 


“Pathogenesis of Disturbances of Calcium Metabolism in Mineralized Tissues 
During Long-Term Hypokinesia," by A. I. VOLOZHIN (Institute of Biomedical 
Problems, USSR Ministry of Health, 25 Aug 78). 


"Kinetics and Regulation of Fluid-Electrolyte Metabolism in Man and Animals 
During Hypokinesia,” by V. P. KROTOV (Institute of Biomedical Problems, 
USSR Ministry of Health, 21 Apr 78). 
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